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FOREWORD 


Emission of greenhouse gases by human activity has now warmed the 
average temperature of our planet by more than 1°C, causing significant 
change to the climate system. It is critical that we limit further emissions 
and meet the international goals of the Paris Agreement but even as we 
do so, warming and climate change will continue. Human societies have 
developed with rather constant climate conditions, so today’s changes are 
a shock to our systems. To thrive in the future we must be ready. We must 
be resilient to climate change. 

In the UK we have seen increased instances of flooding, water short- 
ages, storm damage, coastal denudation, and summer temperatures that 
have topped 40°C for the first time in recorded history. Modelled climate 
projections show us, with confidence, that these changes will become 
more severe even with the most ambitious emissions reductions. How 
we prepare for these changes will determine the scale of harm caused to 
our infrastructure, our health, the systems we rely on such as food and 
transport systems, and the harm we inflict on nature. 

The UK has been a global leader in climate adaptation policy. The 
Climate Change Act 2008 legally requires the UK government to conduct 
a five-yearly Climate Change Risk Assessment (CCRA) for the UK, and 
requires my Government Department—Defra—to produce a National 
Adaptation Programme for England. Devolved legislation provides a 
comparable framework of adaptation planning and evaluation for Scot- 
land, Wales, and Northern Ireland. UK research has also been world 
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leading in identifying actions needed to manage climate risks and to 
reduce damage without exacerbating existing inequalities. There is much 
more to do, however, and national preparedness against many of the 
climate risks identified in the last CCRA remains inadequate. Govern- 
ments, business, and wider society need to plan and take action to 
improve our resilience to climate change. 

The UK Climate Resilience Programme (UKCR) is a research 
programme addressing this need for adaptation action. It was funded by 
UK Research and Innovation with strong support from Defra throughout 
its work. UKCR enhanced the UK’s resilience to climate variability and 
change through interdisciplinary research and innovation on climate risk, 
adaptation and climate services, working with stakeholders and end users 
to ensure the research is useful and usable. 

UKCR made significant contributions to the UK’s third CCRA, and 
its tools, datasets, and learning will be important for the UK’s fourth 
CCRA and beyond. The programme has deepened our understanding 
of the climate services sector, with projects on climate service standards 
and valuation, and a roadmap for development and implementation of 
UK climate services. Engagement with cities across the UK has raised 
awareness in a wide range of audiences about the need to respond to the 
climate challenge. 

UKCR has not all been about natural science, but has included valu- 
able contributions from many disciplines. The programme funded arts 
and community-based projects, and pioneered an embedded researcher 
scheme in which researchers collaborate with host organisations to help 
them understand and address their needs. The programme has been 
hugely valuable in creating a more coherent community of climate 
resilience researchers and practitioners across the UK. 

I congratulate the UKCR programme for their achievements, captured 
in this book. Their learning and communication will be of long-lasting 
value to the climate resilience community. I hope that the climate 
resilience community that came together to achieve this work will go from 
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strength to strength as we work together to build our resilience in the face 
of climate change. 


Professor Gideon Henderson 
Chief Scientific Advisor 
Department for Environment 
Food and Rural Affairs 
London, UK 
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e Research and policy relating to climate change risks and adaptation 
have been developing in the UK since the 1990s. 
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e The 2008 Climate Change Act established much of the framework 
for UK climate risk assessment and adaptation management. 

e The UK Climate Resilience Programme was funded from 2018- 
2023 to address research gaps in characterising and quantifying 
climate risks, managing climate related risks through adaptation, and 
co-producing climate services. 

e From the outset, the programme prioritised co-production, innova- 
tion, trans-disciplinary research, and working with stakeholders to 
ensure outputs were useful and usable. 


Keywords Climate risks - Adaptation - Resilience - Policy 


] INTRODUCTION 


Global and UK climate is changing at an unprecedented rate. New 
weather and climate records are being set, and there is growing evidence 
that human activity is influencing the probability of dangerous climate 
extremes [5]. Further climate change is now inevitable, but the amount 
and pace of change will be shaped by the effectiveness of international 
climate mitigation policies. Recent past and projected future change mean 
that adaptation is critical in reducing climate risk and vulnerability in 
human and natural systems. The concepts of adaptation, vulnerability, 
resilience and risk provide overlapping, alternative entry points for the 
climate change challenge (see box of key terms). 


Key terms [7] 


Mitigation (of climate change): A human intervention to reduce 
emissions or enhance the sinks of greenhouse gases. 

Adaptation: In human systems, the process of adjustment to actual 
or expected climate and its effects, in order to moderate harm or 
exploit beneficial opportunities. In natural systems, the process of 
adjustment to actual climate and its effects; human intervention may 
facilitate adjustment to expected climate and its effects. 
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Risk: The potential for adverse consequences for human or ecolog- 
ical systems, recognising the diversity of values and objectives 
associated with such systems. In the context of climate change, risks 
can arise from potential impacts of climate change as well as human 
responses to climate change. In the context of climate change 
impacts, risks result from dynamic interactions between climate- 
related hazards with the exposure and vulnerability of the affected 
human or ecological system to the hazards. 

Hazard: The potential occurrence of a natural or human-induced 
physical event or trend that may cause loss of life, injury or other 
health impacts, as well as damage and loss to property, infrastruc- 
ture, livelihoods, service provision, ecosystems and environmental 
resources. 

Exposure: The presence of people; livelihoods; species or ecosys- 
tems; environmental functions, services, and resources; infrastruc- 
ture; or economic, social, or cultural assets in places and settings 
that could be adversely affected. 

Vulnerability: The propensity or predisposition to be adversely 
affected. Vulnerability encompasses a variety of concepts and 
elements, including sensitivity or susceptibility to harm and lack of 
capacity to cope and adapt. 

Impacts: The consequences of realised risks on natural and human 
systems, where risks result from the interactions of climate-related 
hazards (including extreme weather/climate events), exposure, and 
vulnerability. 

Resilience: The capacity of interconnected social, economic and 
ecological systems to cope with a hazardous event, trend or distur- 
bance, responding or reorganising in ways that maintain their 
essential function, identity and structure. Resilience is a positive 
attribute when it maintains capacity for adaptation, learning and/ 
or transformation. 

Projection: A potential future evolution of a quantity or set of 
quantities, often computed with the aid of a model. Unlike predic- 
tions, projections are conditional on assumptions concerning, for 
example, future socio-economic and technological developments 
that may or may not be realised. 
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Scenario: A plausible description of how the future may develop 
based on a coherent and internally consistent set of assumptions 
about key driving forces and relationships. 


In the UK, the decade 2012-2021 was 1°C warmer than the 1961- 
1990 average, compared with 0.8°C for global surface temperature 
[10]. In July 2022, the UK experienced unprecedented high tempera- 
tures above 40°C and there is growing evidence that the intensity of 
heavy rainfall events has increased in recent years [4]. Changes in UK 
climatic impact-drivers—the climate conditions that affect the things we 
care about in nature and society [15 ]—have led to a multitude of climate 
impacts, such as infrastructure damage and heat-related deaths. There is 
some evidence of adaptation action in the UK [8], which could offset 
some of the increased risk due to climate change, but the UK’s Climate 
Change Committee states that the gap between the level of risk and the 
level of adaptation has widened recently for many sectors [3]. 

The UK research base in climate risk and resilience is world leading 
but fragmented. Climate scientists at the Met Office and in UK universi- 
ties have been at the forefront of climate science and climate services, 
exemplified by the UK Climate Projections 2018 (UKCP18) and the 
development of high-resolution global climate modelling. Engineering 
and other sciences have translated climate hazard knowledge into impact 
and risk metrics (for example, in infrastructure and urban adaptation), 
creating a national infrastructure system-of-systems model. Social science 
research has focused on areas such as barriers to adaptation, economic 
costs and benefits, risk perception, behaviour and communication, and the 
science-policy interface. The arts and humanities have achieved contribu- 
tions in the philosophy of climate science, the history, heritage, ethics and 
culture of climate change, climate adaptation and resilience, and artistic 
interventions focusing on living with change and loss. The UK was also 
world leading in setting up a ‘boundary organisation’ to act as a bridge 
between scientific research, policymaking and adaptation practice through 
the UK Climate Impacts Programme (UKCIP) in 1997. The next section 
briefly reviews key developments in UK climate adaptation research and 
policy. 
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2 A BRIEF History oF UK CLIMATE 
RESEARCH AND POLICY ON ADAPTATION 


In the 1990s, the UK government founded the Met Office Hadley 
Centre (1990) [12], published the first national assessment of the possible 
impacts of climate change (1991) [4] and established the pioneering 
UK Climate Impacts Programme (UKCIP) to bring together scien- 
tific research, policymaking and adaptation practice (1997) [13]. While 
UKCIP’s overarching aim was to help the UK adapt to the unavoidable 
impacts of climate change, its remit shifted over time—from engaging 
organisations on initial impact assessment, to occupying the boundary 
space between climate projections and research, supporting policy devel- 
opment (including the legislative requirements of the Climate Change 
Act 2008) and helping organisations develop and implement adaptation 
strategies and actions. As well as developing a portfolio of tools, UKCIP 
published the first national climate change scenarios in 1998 and was 
influential in framing climate adaptation as a problem of risk management 
[19]. 

During the 2000s, more national climate change scenarios were 
published by the Met Office (2001 and 2009) and the UK developed 
a regional, multi-sectoral and integrated assessment of the impacts of 
climate and socioeconomic change in the UK [9]. The Climate Change 
Act 2008 created a framework for adaptation to climate change, by 
establishing: 


the five-yearly, UK-wide Climate Change Risk Assessment (CCRA); 
that a National Adaptation Programme (NAP), must be put in place 
to address climate change risks and be reviewed following each 
CCRA; 

the ‘Adaptation Reporting Power’ (ARP), giving the government 
discretionary power to require relevant bodies to report on climate 
preparedness; and 

the Adaptation Sub-Committee (now the Adaptation Committee) 
of the independent climate change committee (CCC), to advise 
government and evaluate adaptation progress. 
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The UK government has since published three CCRAs (2012, 2017 
and 2022), three NAPs for England (2013, 2018 and 2023) and there 
have been three rounds of ARP reporting. Responsibility for climate 
change adaptation is split between the four countries of the UK. The 
UK government is responsible for climate change adaptation in England 
and for reserved matters, with national governments in Northern Ireland, 
Wales and Scotland being responsible for adaptation in all devolved policy 
areas. The Adaptation Committee of the CCC has assessed progress of 
the UK and devolved governments in preparing for and adapting to the 
impacts of climate change. Between 2008 and 2010, local authorities 
reported against a process-based framework to help their preparations for 
a changing climate (known as National Indicator 188). 

The early 2010s saw the development of regional climate change part- 
nerships under the umbrella ‘Climate UK’ (for example, the London 
Climate Change Partnership and Climate Northern Ireland) and the 
transfer of many of UKCIP’s functions to the Environment Agency’s 
Climate Ready Programme in 2012. Financial austerity in the public 
sector led to the closure of most of the regional climate change part- 
nerships and in March 2016, the Climate Ready Programme also ended, 
leaving England largely devoid of a boundary organisation focused on 
climate impacts and adaptation (with the exception of the Marine 
Climate Change Impacts Partnership).! However, since 2019 more 
than ten city and regional Climate Commissions have been estab- 
lished under the Place-based Climate Action Network (PCAN), working 
as independent advisory groups bringing together the public, private 
and civic sectors. During this period, research continued including the 
following programmes: the Programme of Research on Preparedness, 
Adaptation and Risk (PREPARE; 2012-2013); the Living With Envi- 
ronmental Change (LWEC) Programme (which included ‘climate change 
impact’ report cards and Engineering and Physical Sciences Research 
Council’s (EPSRC) ‘Adaptation and Resilience to a Changing Climate’ 
(ARCC), amongst others); the Met Office Hadley Centre Climate 
Programme and the UK Climate Projections 2018 [11]; CCRA2 [1], 
and some decision support tools (for example, the Climate Just tool). 

While undertaking the delivery of the CCRA2 evidence report, the 
then-named Adaptation Sub-Committee collated over 200 evidence gaps 


l Boundary organisations continue to exist in Scotland (Adaptation Scotland) and 
Northern Ireland (Climate Northern Ireland). 
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which were discussed and supplemented at a research needs conference in 
late 2016. The committee concluded that to progress understanding of 
climate risks in future CCRAs, the following cross-cutting evidence gaps 
needed to be addressed: 


UK spatial modelling capability; 
Socioeconomic scenarios for the UK; 
Decision support frameworks; 
Monitoring; 

Behaviour change; 

Adaptation options. 


In 2017, the chair of the Adaptation Committee wrote to Research 
Council Chief Executives stating that a concerted multidisciplinary effort 
was required to support future CCRAs. In mid-2018, with support 
from Department for Environment, Food and Rural Affairs (Defra)’s 
Chief Scientist, the Natural Environment Research Council (NERC) 
and the Met Office jointly submitted a proposal for a programme on 
Climate Resilience to UK Research and Innovation (UKRI)’s Wave 1 
Strategic Priorities Fund (SPF). The SPF UK Climate Resilience (UKCR) 
programme was approved in the autumn of 2018 at a total cost of 
£18.65 million over the period 2018-2023, as a partnership between 
UKRI and the Met Office. 


3 THE SCIENCE PLAN AND ITS IMPLEMENTATION 


The Strategic Priorities Fund (SPF) offered an opportunity to improve 
climate risk assessment and enhance UK resilience by encouraging and 
funding high-quality multi- and interdisciplinary research and innovation 
using integrative approaches that cross traditional disciplinary bound- 
aries. It provided space for pioneering research, laying the foundation for 
future capability, and aimed to link effectively with government depart- 
ments’ research priorities and opportunities. The UKCR programme is an 
example of SPF’s ability to respond with agility to strategic priorities and 
opportunities, and ensure the UK remains at the cutting edge of research. 
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The vision for the UKCR programme was: 


To enhance the UK's resilience to climate variability and change through 
frontier interdisciplinary research and innovation on climate risk, adap- 
tation and climate services, working with stakeholders and end users to 
ensure the research is useful and usable. 


The programme’s three main objectives were: 


e Characterising and quantifying climate-related risks; 
e Managing climate-related risks through adaptation; 
e Co-producing climate services. 


The science plan recognised that single disciplinary approaches will not 
be able to ‘solve’ this complex challenge and that multi- and interdisci- 
plinary research efforts that include the natural sciences, social sciences, 
engineering, the arts and humanities are needed. It also recognised that 
the engagement and involvement of a wider range of stakeholders, such as 
practitioners and policymakers, are essential in addressing this challenge. 

A programme board was established to oversee UKCR invest- 
ment, with representation from the following funding bodies: the Met 
Office, NERC, AHRC (Arts and Humanities Research Council), ESRC 
(Economic and Social Research Council) and EPSRC. An independent 
steering committee was also established, to provide strategic input on 
the shape and delivery of the initiative, policy, alignment with other 
initiatives and opportunities for programme coordination and coherence. 
Following a networking workshop in September 2018, NERC/UKRI 
issued an interdisciplinary call to supplement ongoing UKRI Research 
Council awards/activities in climate resilience,” and a further call for the 
role of UKCR champion. During this first round of funding, 19 projects 
were funded by NERC/UKRI, and Professor Suraje Dessai and Dr Kate 
Lonsdale, based at the University of Leeds, were appointed as champions 
to act as thought leaders, flag bearers and strategy owners for UKCR. The 


2 Funding projects up to £250k for up to 12 months with a total budget up to £3.5m. 
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champions worked closely with the Met Office to ensure integration of 
the programme and development of strategy. 

The champions and the Met Office led the development of a 
joint science plan [16], in consultation with UKRI and Met Office 
communities and climate resilience stakeholders from public, private and 
third sectors, while also taking into consideration government depart- 
ments’ research priorities, the evolving UK climate resilience research 
landscape and the state-of-the-art in relevant disciplines. The science plan 
identified opportunities to significantly improve capabilities and address 
the challenges of quantifying risk and enhancing resilience. It was deliv- 
ered through four main activities: frontier research, building research 
capability, developing and testing climate services, and coordination and 
networking activities. A central aspiration of the programme was to grow 
the community of interacting researchers, practitioners and policymakers 
in climate resilience. This underpinned all activities, but was particularly 
important in climate services, networking activities and the embedded 
researcher scheme. Guided by the science plan, UKRI issued seven open 
calls? and the Met Office commissioned 13 external projects and 16 
internal projects,° resulting in more than 60 projects funded across the 
whole programme. The science plan envisioned a series of legacies for the 
programme, as shown in Fig. 1: 

Building on the science plan, the programme developed a high-level 
narrative to link the outlined ‘legacy items’ with UKCR’s vision and 
objectives, articulating the activities needed to achieve the agreed legacy 
items, which would ultimately contribute to the programme goal of 
“enhancing the UK’s resilience to climate variability and change”. This 
narrative underpinned the monitoring, evaluation and learning plan for 
the programme. Programme activities were designed with considera- 
tion of the spectrum of knowledge brokering approaches, from ‘linear 


3 UK Climate resilience first call; Champion; Enhancing climate change risk assessment 
capability; Governing Adaptation; AHRC Living with climate uncertainty; Present and 
future climate hazard; Embedded researchers. 


4 E.g. Development and provision of UK socioeconomic scenarios for climate vulnera- 
bility, impact, adaptation and services research and policy; Enabling the use and producing 
improved understanding of EuroCORDEX data over the UK; Climate services standards 
monitoring and valuing. 


5 Within four work packages: Improving climate hazard information; From climate 
hazard to risk; Climate services pilot; Operational climate services. 
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dissemination of knowledge’ to ‘co-production’. Given the goal of the 
programme, traditional evaluation criteria, such as academic publications 
and citations, were expanded to include knowledge utilisation, knowl- 
edge exchange processes, and benefit of research to society. Thus, in 
addition to research excellence, the programme has assessed partnership 
and co-production, research relevance for target users, positioning of 
research outputs for use, and progress towards building a coherent climate 
resilience research community [11]. 


4 Book ROADMAP 


This book synthesises research conducted throughout the programme, 
through a series of chapters authored by UKCR researchers (usually a 
pairing from the Met Office and academia). At the time of writing in 
late 2022, several UKCR-funded projects were still ongoing, so some 
outputs have not been captured. Chapter 2 considers the key interpre- 
tations of climate resilience and its implications for practice. The rest of 
the chapters are organised in four parts. 

In ‘Part 1: Undertaking Resilience Research’, we explore two means 
used in the programme to deliver context-specific, multi-stakeholder 
resilience research and achieve outputs suitable for practice and policy. 
Both co-production and embedding highlight the importance of more 
integrative approaches to climate resilience research, and this section 
provides guidance on how to deliver these approaches. 

In ‘Part 2: Managing Climate Risks’, we focus on the place-based 
and context-specific nature of climate resilience research. Chapter 5 
draws on projects that worked at specific geographical scales, to consider 
how connection to ‘place’ adds motivation and meaning to building 
climate resilience. Chapter 6 synthesises projects which directly inter- 
acted with people in particular places, using creative means to increase 
local engagement in discussions on climate risks. Both chapters empha- 
sise the need for a ‘context first’? approach to climate resilience research 
and decision-making. 

In ‘Part 3: Tools for Resilience Building’, we discuss climate services 
in Chapter 7 and decision support tools in Chapter 8. As well as 
summarising the contributions of the programme and highlighting 
research priorities going forward, both chapters consider what has been 
learned about the wider policy and practice context needed for the 
development and upscaling of climate services and decision-support tools. 
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Finally, in ‘Part 4: Understanding and Characterising Risk’, we 
summarise and signpost the programme’s contributions to this area, 
including new methods, data sets and tools. Chapter 9 outlines how the 
programme used new tools to improve the projection of hazards and 
discusses how they can be used to inform decision-making. Chapter 10 
summarises how projects used UKCP18 datasets to calculate how climate 
change is likely to affect climate-related hazards and resources in the UK. 
Chapter 11 considers how UKCR projects have contributed to developing 
hazard information into risk information, while also highlighting the need 
for improved exposure and vulnerability data and better understanding of 
compound, cascading and systemic risks. 

In the Afterword, the editors summarise and reflect on the research 
undertaken by the UKCR programme and conclude with a series of key 
learnings and priorities for future research. 

NB: In all chapters, the authors refer to UKCR-funded projects by 
their abbreviated titles. Please turn to the List of Projects section at the 
back of the book for a brief description of each project and the research 
team, plus website links. More information about the programme, its 
objectives, legacy items and funded research can be found at https:// 
www.ukclimateresilience.org/. 
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CHAPTER 2 


Climate Resilience: Interpretations 
of the Term and Implications for Practice 


Kate Lonsdale, Nigel Arnell, Tim Coles, Kate Lock, 
Emer O°Connell, Paul O’Hare and Emma Tompkins 


] INTRODUCTION 


The term ‘resilience’, which is integral to the UK Climate Resilience 
Programme (UKCR), has been used increasingly in academic, practice 
and public discourse around climate change, and crises more generally. 
The term’s appeal comes from its ability to frame crises not as uncon- 
trollable and uncertain phenomena to be feared, but as challenges over 
which one can triumph, with the potential for improving society. It has 
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an everyday meaning that emphasises interconnectedness and the ‘bigger 
picture’ of a system. Such optimistic and palatable qualities make it easy 
to see why it is popular. Who (or what) would not want to be resilient? 
[1]. 

However, the term is not universally liked. Some consider the concept 
too vague, ‘restless’ [2] or value-laden to be used in practice with any 
consistency. Some point to a tendency to focus on the technocratic 
features of resilience policy which provide limited potential to examine 
how power dynamics underpin how resilience is built (‘resilience for 
whom?’). While this may act to promote political confidence, it does 
little to create the transformative change needed to unpick entrenched, 
structural inequalities in society. Framings emerging from recent academic 
interest in how resilience might better address power and agency present 
resilience not simply as response to a shock but rather as a dynamic 
capacity to be nurtured, developed, expanded and negotiated, given the 
right conditions at an individual, community, organisational or national 
scale [3, 4, 5, 6]. 

To provide some clarity, it is worth considering the key interpretations 
that are in use and demonstrated in the UKCR programme. We group the 
interpretations relevant to the work of UKCR into two categories: ‘broad 
or narrow’ and ‘operational or place-based’. The aim of this is to draw 
out how the different framings influence the kind of activities needed to 
build greater resilience. 
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2 BROAD OR NARROW 


The Intergovernmental Panel on Climate Change (IPCC) Sixth Assess- 
ment Report [7] glossary defines resilience as: 


The capacity of interconnected social, economic and ecological systems 
to cope with a hazardous event, trend or disturbance, responding or 
reorganising in ways that maintain their essential function, identity and 
structure. 


However, we consider this too generalised to be useful in practice. 
Narrow framings have value where there is a specific service or entity that 
can be made resilient without requiring complex negotiation or inputs. 
The UK government’s consultation on a National Resilience Strategy [8] 
defines resilience as: 


An ability to withstand and quickly recover from a difficult situation. This 
comes hand-in-hand with the idea of ‘bouncing back’, of returning to 
‘normal’, of picking up where we left off before whatever difficulty or 
challenge we experienced. 


Both ‘bouncing back’ and ‘normal’, written in inverted commas, high- 
light areas where there is controversy about what this means in practice. 
Is ‘normal’ simply the situation as it was before? Can a system (an asset, 
a community etc.) ever actually return to the same state after a crisis? 
Should the goal not be to ‘build back better’ and use the crisis as an 
opportunity to rethink and improve the existing situation? While this is 
a common definition of resilience and widely used in emergency plan- 
ning, it represents a narrow interpretation, implying resilience is simply 
a response to external shocks to a system. Broader interpretations include 
concepts of anticipation and preparation to reduce exposure and vulner- 
ability (e.g. through internal organisational processes), and see resilience 
depending not just on the nature of the external shocks but also on the 
factors that make the system of interest exposed and vulnerable. These 
different interpretations inevitably influence how organisations seek to 
enhance resilience. 
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3 OPERATIONAL OR PLACE-BASED 


In addition to the distinction between broad or narrow resilience, further 
clarity of definition can be achieved by the distinguishing between 
‘operational resilience’ or ‘place-based resilience’. 

Operational resilience refers to the resilience of a system, or component 
of a system, designed to deliver a specific outcome. It is used by operators 
of infrastructure or organisations responsible for delivering a service. For 
example, the Electronic Communications Resilience and Response Group 
(EC-RRG) [9] defines resilience as: 


The ability of an organisation, resource or structure to be resistant to a 
range of internal and external threats, to withstand the effects of a partial 
loss of capability and to recover and resume its provision of service with 
the minimum reasonable loss of performance. 


Operational resilience is usually expressed in terms of technical stan- 
dards of service or levels of protection for specific assets. Although this 
interpretation seems tightly and technically defined, there can still be 
problems with putting this into practice. As it is not feasible, nor cost 
effective, to make systems resilient to all conceivable shocks, decisions 
must be made about what is considered an acceptable standard of service. 
What ‘probability of failure’, or failure consequences, can we reason- 
ably be expected to live with? Who defines what is a ‘reasonable’ loss 
of performance? A more laissez-faire approach would be for regulators 
to rely on ‘best practice’ and let organisations justify their own standards 
of service. This highlights the challenge of how to incorporate changing, 
uncertain conditions when setting standards for operational resilience in 
the face of climate change. For example, the Climate Change Committee 
[10] recommends adapting to a 2 °C world, assessing the risks for 4 °C 
and preparing for ‘unpredictable extremes’—but how this can be done in 
practice needs to be defined carefully. 

Place-based resilience relates resilience to a location rather than a 
specific system or service. High-level national strategies aspire to create 
‘resilient communities’. An example is Outcome 1 of Climate Ready 
Scotland Climate Adaptation Programme 2019-2024 [11], which is: 


Our communities are inclusive, empowered, resilient and safe in response 
to the changing climate. 
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The Environment Agency’s National Flood and Coastal Erosion Risk 
Management (FCERM) strategy [12] meanwhile aims to achieve ‘cli- 
mate resilient places’. This could also apply to sectors, such as ‘building a 
resilient health service’. Describing what place-based resilience looks like 
is challenging; places are exposed to multiple pressures, and people in a 
community will have diverse needs, expectations and levels of resource 
and motivation for engagement. What is considered ‘resilient’ for a 
locality, be it a neighbourhood, community, region or nation, is entirely 
socially constructed. Inevitably this involves political choices about prior- 
ities, where responsibility lies, and how decisions are made about what 
to fund. In the UKCR programme, this has been demonstrated in work 
developing principles of progressive resilience that recapture and recast 
the term in ways that resonate locally and with other drivers of change— 
such as reducing biodiversity loss, addressing poor mental health and 
access to green space—to make it more meaningful and applicable [13]. 

In recent years, a key critique of resilience has been that, despite 
appearing neutral and objective, resilience policies facilitate neoliberal 
shifts in responsibility for risk governance, particularly from the state 
to the private sector and communities. Such policies can be intensely 
competitive, creating both ‘winners’ and ‘losers’, and potentially main- 
taining an unequal status quo. 

A distinction between operational and place-based resilience is helpful 
because approaches to characterising and measuring resilience are 
different, and because it influences discussions about how to achieve 
resilience. In summary, operational resilience is easier to characterise, 
measure and achieve than place-based resilience. 


4 IMPLICATIONS FOR BUILDING RESILIENCE IN THE UK 


How we interpret resilience is important. If we consider resilience as 
primarily dealing with external shocks, or as addressing underpinning 
features of the system that increase exposure and vulnerability, this clearly 
influences how we respond and the role and responsibilities of the state, 
communities and individuals. The Civil Contingencies Act https://www. 
legislation. gov.uk/ukpga/2004/36/contents (2004) commits to helping 
communities ‘respond and recover’ from external shocks rather than 
providing protection or support to address the reasons why some places 
or communities are more vulnerable. This operational interpretation of 
resilience focuses on measures to restore the status quo in the light of 
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external events (‘shocks’), rather than considering the underpinning char- 
acteristics of the system that create inequality. Place-based resilience, with 
its greater emphasis on anticipation and preparation to reduce exposure 
and vulnerability to subsequent loss (e.g. through land use planning, 
building regulations and social support), puts less emphasis on responding 
to external shocks. There is also a greater sense that ‘bouncing back’ to 
a previous state is not only unrealistic but also undesirable and unfair for 
many [4, 5]. The goal should thus be to ‘bounce forward’, or transform, 
to a fairer, better adapted state. To achieve this it helps to see resilience as 
something that is both contextual and negotiated by those with a stake in 
the outcome. This emphasises the need for effective mechanisms to facil- 
itate difficult decisions about what is protected and what is lost, in the 
context of other drivers of change and limited resources. 


5 WHat NEXT? 


The term ‘climate resilience’ is likely to be with us for the near future. 
To be a useful concept for building climate resilience for the UK we need 
to ensure that the complexity of this can be addressed with the neces- 
sary level of detail and full consideration of interdependencies. To build 
climate resilience in the UK we need to frame resilience in a progressive 
way as ‘bouncing forward’, rather than back. This is an interpretation of 
resilience as a dynamic capacity that is negotiated and enabled, rather than 
a fixed state that is imposed. This requires: 


e Legitimate and inclusive mechanism(s) to engage across the 
whole of society. We cannot save everything and must be selec- 
tive. There will be co-benefits, unavoidable trade-offs and, inevitably, 
winners and losers. To achieve a just outcome this requires careful 
consideration, deliberation of ‘resilience for whom?’ and explicit 
discussion of winners and losers. Without careful inclusion of 
those most likely to ‘lose’, the voices of the vulnerable could be 
marginalised. 

e An informed public with access to accurate, salient information. 
If negotiations about resilience need to happen at local, community 
and even sectoral scales, people need to be better informed of how 
they may be impacted by resilience policy and practice, directly and 
indirectly, through the places they live, how they travel, the food 
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they eat, the work they do, their personal connections and pursuits, 
and the public services they depend on. 

An enabling environment with clear coordination and coura- 
geous leadership. There is currently a lack of clear roles, 
responsibilities and accountability around building climate resilience 
in the UK. This includes mechanisms to raise public awareness, 
discuss what needs to change, to link the national policy processes 
to local experience and ensure it reduces inequality rather than exac- 
erbates it. Citizens’ assemblies and juries (such as the Rethinking 
Water Citizens’ Juries https://consult.environment-agency.gov. 
uk/yorkshire /citizens-jury-for-the-river-wharfe-yorkshire-infor/#: 
~:text=The%20Rethinking%20Water%20Citizens’%2 0Jury%20was% 
20put%2 0together,experts%200n%2 0all%2 0aspects%2 00f%20the% 
20water%20environment) that use deliberative democracy to explore 
place-based approaches to resilience issues could be one solution, 
but most currently focus on achieving net zero. A greater emphasis 
on resilience—at least putting it on a par with net zero—is needed 
to stimulate this vital discussion and ensure fair and appropriate 
action. 
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e A range of barriers currently exist to achieving the benefits of co- 
production more fully. 

e Skills associated with using co-productive approaches need to be 
developed, taught and mentored in the research community. 


Keywords Co-production . Engagement - Community - Action 
research - Climate services 


] INTRODUCTION 


This chapter records experiences of UKCR researchers whose projects 
incorporated co-production approaches to improve the usability, accessi- 
bility, relevance and credibility of outputs, and engage different groups 
of people in climate resilience. A workshop towards the end of the 
programme enabled researchers to reflect on benefits derived from this 
approach, and where and when barriers have existed and why. Partici- 
pants outside academia, including sector experts and community partic- 
ipants involved in this research were invited, but were unable to attend. 
Different projects used co-production in a variety of ways, depending 
on the aims, motivations and theoretical backgrounds of those involved 
[1, 2]. 
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We outline key learnings and recommendations, while recognising that 
any learning is deeply context specific. We also highlight the need for a 
step change in fundamental aspects of research planning, funding, multi- 
and transdisciplinary working, to achieve the perceived benefits of co- 
production more fully. 


2 WHAT IS Co-PRODUCTION? 


Co-production was popularised as a concept in the 1970s and has been 
taken up widely in the fields of public services, social care and health 
care. It challenged the knowledge-deficit model with a recognition that 
users of a service or product had valuable knowledge and experiences that 
could help to shape future research and development; it was becoming 
increasingly common in other sectors [3, 4, 5, 6]. No single definition 
of ‘co-production’ exists, but most reference ‘equality of power’, working 
together in ‘partnership’ or ‘relationship’ to generate knowledge or reach 
a ‘collective goal’ [7]. 

Recognition is growing that such collaborative approaches are needed 
to produce more usable and useful research and solutions to meet the 
challenges of societal resilience to a changing climate. Rapid growth 
in scientific understanding and technological capability has, to a large 
extent, outpaced the ability of scientists and other ‘producers’ to ensure 
outputs are relevant and tailored to society’s needs. In addition, there 
is a recognised disconnect between the various disciplines involved in 
utilising climate information effectively in decision-making and adapta- 
tion, a lack of understanding of critical issues by decision-makers and a 
strong need for greater community engagement in action at the local 
level. Thus, co-production is increasingly being adopted in this field [8, 
9, 10]. Various research initiatives have provided useful guidance and 
principles for co-production, particularly within climate services [11, 12, 
13, 14, 15]; this has resulted in a shift away from the often unhelpful 
binary framing of ‘producer’ and ‘user’, towards a recognition that many 
different stakeholders hold valuable information and knowledge, resulting 
in an improved power-balance that can contribute to decision-making for 
resilient societies. However, there is also an increasing recognition that 
co-production must be done appropriately, with a shared understanding 
of what is expected, and if not given due consideration this can cause 
damage and a strong disengagement. UKCR projects have contributed 
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further to this literature, through combined learning of what works, and 
what the remaining challenges are for climate resilience co-production. 


3 Wuat Works WELL 
3.1 Gathering Community Experience 


The ‘Creative Climate Resilience’ project has demonstrated success in 
using place-based folks arts and socially engaged practices—for residents, 
policymakers and local authority workers—to co-produce knowledge as 
part of a community development and social change framework [16]. 
This has supported participants working together to firstly identify their 
own needs and actions for local climate planning; secondly take collective 
action, identifying and using their strengths and resources; thirdly develop 
confidence, skills and knowledge for mitigation and adaptation; fourthly 
challenge unequal power relationships; and finally promote social justice, 
equality and inclusion. 

Throughout the project, there were numerous encounters with partic- 
ipants through arts-based research methods, including place exploration, 
visual arts workshops, heritage interpretation, recorded interviews and 
stories, animations, puppetry artist residency, creative writing and song- 
writing—alongside geographic information system (GIS) spatial analysis 
and biodiversity data analysis. These processes built community capacity, 
connectivity and skills, and drew out local knowledge. By working in this 
way, strong relationships were built between residents, local authority 
staff and organisations and the research team. This built trust in the 
process and contributed directly to local authority neighbourhood climate 
action planning and wider legacy work in community development 
and social action, such as contributing findings around resilience to 
local authority decision-makers; supporting resident-led fundraising and 
capacity building; informing landscape decision-making; enabling resident 
self-expression for communicating needs and opportunities; encouraging 
political literacy; and further research and development for establishing 
new community assets. 
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3.2 Sustaining Engagement Throughout 


The original Met Office City Pack, developed through the ‘Meeting 
Urban User Needs’ project, is a successful climate service prototype co- 
produced in close partnership with Bristol City Council. This project 
highlighted the advantages of joint initiation—and an opening discus- 
sion centred on what would add value—before defining outputs or 
outcomes. Regular workshops, online interaction and iteration of proto- 
types throughout the process created a trusting relationship between the 
local authority and researchers, resulting in a highly bespoke service for 
the city of Bristol, which is deemed successful by a range of stakeholders. 

Another project, ‘CLandage’, saw landscapes and cultural heritage 
researchers partner with Tasglann nan Eilean Siar (the Hebridean 
Archives), Staffordshire Record Office and Historic England, to capture 
individual and community experiences of storms, floods and droughts, 
and how they have adapted and developed resilience through time [17]. 
Partners were involved from project inception, with relationships already 
fostered through previous research. Prior experience of working together 
proved invaluable, particularly as the project evolved during the COVID- 
19 pandemic, with the loss of face-to-face activities, travel restrictions and 
closure of archives and museums. These altered working practices actu- 
ally resulted in a closer partnership within ‘CLandage’, and more effective 
co-production. 

The ‘Creative Climate Resilience’ project also demonstrated the need 
for co-production across a diverse network of individuals and groups, and 
at different moments and intensities during the project. This network 
included the interdisciplinary research team, residents, local authority 
civil servants and neighbourhood teams, local environment organisations, 
community development organisations and artists. 


3.3 Getting Creative with Storytelling 


Various projects advocated the use of storytelling to facilitate co- 
production. In ‘CLandage’, online poetry workshops led by a local 
poet—working with archive materials, supplied by Staffordshire Record 
Office—encouraged participants to reflect on local experiences of flooding 
through poetry [18]. Also, a creative-maker led small workshops, using 
old pictures and reports of drought, to stimulate and explore memories 
of flooding and drought. In addition, a storyteller led a series of walking 
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tours, collecting memories and exploring ideas of flooding through tradi- 
tional stories and oral histories. In each instance, the creative approaches 
were initiated by Staffordshire Record Office and led by individuals from 
the local area, placing high value and emphasis on experiential knowledge, 
thereby enabling and empowering communities. 


3.4 Balancing Power and Managing Expectations 


The co-productive approach taken by the ‘Creative Climate Resilience’ 
project helped to navigate differences in income, health and well-being, 
and education. It also succeeded in overcoming entrenched apathy with 
local political systems, and a sense of disenfranchisement with local 
decision-making. The project was part of a much longer process of 
supporting community development with climate change challenges. 
Researchers connected into and supported existing community practices, 
such as resident-led networks, local charity initiatives and community 
spaces, acknowledging the wider societal action independent of the 
research project. This approach, alongside a continuous physical and 
emotional presence in the area as part of the socially engaged arts 
methodology, and flexibility to respond to challenges and opportunities 
as they arose, led to a more equitable balance of power and constructive 
conversation. 

The ‘UK-SSPs’ project created UK and nation-specific socioeconomic 
scenarios for use alongside climate change projections, to assess risk, 
vulnerability and resilience. The need to ensure consistency with previous 
global SSPs limited the extent to which co-production was possible and 
required careful management of expectations. To minimise constraints on 
stakeholder imagination, stakeholders were asked to identify and cluster 
socioeconomic drivers that they considered particularly important (and 
uncertain) before being introduced to the global SSPs, onto which they 
could then map the UK-specific drivers. The process was highly itera- 
tive, balancing the need for consistency and legitimacy with stakeholder 
creativity, in order to develop a set of UK-specific SSPs that are locally 
comprehensive and relevant, yet consistent with global SSPs [19, 20]. 

The project ‘Transport/Energy Climate Services’ also found it bene- 
ficial to proactively manage expectations of the co-production process. 
User expectation was often high, with some expecting “the ideal solu- 
tion” after a relatively light investment of resource and engagement; in 
reality, what emerged from the project was simply the first step in solving 
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the problem. This approach also recognises the different expectations and 
approaches to co-production across disciplines, as well as the need for 
transparency and agreement. 


3.5 Experimenting with Upscaling 


The City Pack resource (outlined above) was subsequently rolled out to 
other UK cities, but with less co-production; while city-specific infor- 
mation changed, the template remained the same and user engagement 
was, therefore, less-intensive. Researchers explored different approaches 
to upscaling co-production, and assessed value lost if co-production was 
less central. Their experience suggests that upscaling a climate service, 
which has been co-produced with one set of stakeholders, can provide a 
useful and usable service for others. 


4 EMERGING CHALLENGES AND OPPORTUNITIES 


The UKCR experience suggests that, when done well, co-production is 
an effective way to bring climate information together with other forms 
of knowledge to support resilience building at community, organisational 
and policy levels. The remainder of this chapter offers a set of recommen- 
dations emerging from the UKCR programme on how to set up effective 
co-productive approaches. 


4.1 Focus on the Process, Not Just Outputs 


One of the main barriers to successful co-production among projects was 
where the research process was fixed on pre-defined outputs. Projects that 
saw the primary aim of co-production as discovery, or knowledge sharing, 
were more open to learning and bringing in others’ perspectives. Linked 
to this was a need to be flexible, to allow the detail of what is considered 
a ‘useful output’ to emerge through the process of engagement. Where 
some pre-definition of outputs may be required for funding purposes, 
flexibility is needed to allow for changes as a wider understanding of 
the nature of the problem deepens and assumptions are challenged. Not 
fixing too early on an idea avoids creating outputs that later turn out 
to be unfit for purpose or missing the point. Participants particularly 
valued the “opportunities for serendipity” afforded by the flexibility of 
co-production, quoting: 
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The story changes throughout the process... this is fundamental to co- 
production. Everything is part of the process 


The more co-creative projects within UKCR enabled this process, as 
their goal was to learn and share, rather than to produce specific outputs. 
The experience and maturity of researchers and their relationship with 
partners were seen as another factor in how effective projects were in 
setting up more flexible research approaches. Such researchers were better 
able to craft research proposals that satisfied funding requirements, while 
also setting up participatory processes with sufficient flexibility to allow 
for emergent processes. To achieve this, there is a need to develop the 
skills necessary to draft research proposals with a ‘design for learning’ 
approach, as well as a shift in the way research is funded to focus on goals 
and outcomes rather than specific outputs. 

Researchers from the ‘MAGIC’ project reflected on the element of the 
unknown, emphasising the need to have shared understanding of aspi- 
rations and expectations from the early stages of the research process. 
This was shared by ‘Risky Cities’, which gradually increased the use of 
immersive co-production until “neither party had control” over what the 
other party was going to do. In this case, co-production was initiated by 
the National Youth Theatre, who approached scientists to talk to them 
about the climate crisis; it soon became apparent that both parties had 
a lot more to offer each other. This learning, and the fundamental need 
to address power inequalities in co-production, is reflected in the wider 
literature [9]. 


4.2 Revise Funding Structures and Timescales 


Many of the challenges relate to limitations of current funding structures 
and timescales. Some researchers argued that all participants in the process 
(not just researchers) need to be funded, as without this non-academic 
partners in the research found it hard to make time to participate or lacked 
the incentive to do so. However, some researchers felt that co-production 
was most successful when stakeholders were motivated to engage without 
funding. 

There is also a need to move away from rigid project timescales to 
do justice to co-production and allow it to be truly emergent, because 
co-production requires time to build relationships and a culture of trust 
to enable the work to flourish. As such, traditional finite-length project 
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funding can be limiting. Flexibility in the funding model offers oppor- 
tunities to shape and respond to emergent processes, and longer-term 
funding furthermore enables breaking down of disciplinary boundaries. 
Researchers engaged in co-developing prototype climate services for the 
energy sector revealed that “There was a lot of early engagement, but 
the needs were so diverse it took a long time to identify where to work 
together”. It was also reportedly difficult firstly to establish what was crit- 
ical and urgent for users, and secondly to manage expectations in terms 
of progress towards the ideal solution. 

Many researchers attributed their success to pre-existing relationships; 
in many cases, links were developed through previous projects, and so a 
co-production process emerged organically benefitting significantly from 
the existing understanding and trust [19, 20]. 


4.3 Promote New Measures of Success 


There is a need to recognise the importance of relational, embodied 
learning, connection, and sharing knowledge, fun and trust, alongside 
more traditional outputs, such as peer-reviewed papers and tangible prod- 
ucts. New measures of success are needed to evaluate the process, in 
addition to the outcome, and to reflect different motivations and require- 
ments of participants [21, 22]. Within projects there was a general 
recognition of the value of the process (e.g. building trust, collective 
decision-making) but also a perceived challenge that these are not gener- 
ally recognised by funders. Researchers commented that there is a need 
to “understand other ways of doing knowledge”, and that funding needs 
to be “targeted towards processes not just outputs”, requiring a change 
in mindset. 

One barrier to co-production and associated transdisciplinary research 
was the perceived lack of incentive within an academic career. Promo- 
tion criteria at universities are, in many cases, still skewed towards the 
disciplinary academic; better recognition of transdisciplinary processes, 
and weighting them for promotion criteria, is needed. This experience 
can be particularly acute for early career academics attempting to acquire 
permanent academic posts, where inter- and transdisciplinary skill sets 
may be perceived as lacking a clear focus. However, the practice of 
transdisciplinary research had a positive impact on more experienced 
researchers, through advancing networks and opportunities for future 
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impactful research. Public scholarship and other motivations for co- 
production were seen as critical to its success, while encouragement for 
early career researchers is needed to underpin shifting attitudes. 


4.4 Invest in Multidisciplinary Approaches 


Successful co-production for climate resilience demands input from a 
range of disciplines and stakeholders, including researchers, practitioners 
and action-takers [23, 24]. Researchers commented that key skills were 
missing from project teams, as “academics can only help with part of the 
problem”. ‘MAGIC’ addressed this by implementing a community-led 
approach to reducing flood risk, achieved through a case study of the 
flood-vulnerable region around Hull. Hull and East Riding Timebank, 
one of the key partners, provided a range of expertise and skills beyond 
those traditionally included in projects. 

Researchers also argued that funding mechanisms should be available 
to resource additional expertise in response to specific issues as they 
emerge. However, the transient nature of this solution provides its own 
challenges; therefore, more enduring teams, capturing the requisite skills, 
expertise and competencies are also needed. 


5 CONCLUSIONS 


The experiences of UKCR researchers have confirmed a range of bene- 
fits of co-production. In addition, the challenges cited highlight the need 
for a step change in co-production for climate resilience (summarised in 
Fig. 1). Current approaches to research design, planning and funding, as 
well as the skills of researchers, can present obstacles to fully achieving 
the perceived benefits of co-production. One aspect that all projects 
reflected on is the fundamental role of the ‘quality of relationships’. In 
many cases, co-production success was a function of the relationship; 
a lack of time or close engagement contributed to power inequalities, 
which if not addressed could inadvertently cause harm or derail knowl- 
edge creation into predetermined science-based frameworks. Several other 
key considerations also emerged: 


e Engaging suitable contacts at the appropriate level of an organisation 
is critical. Contacts need to be sufficiently well connected, but with 
time and inclination to engage closely and sustain the relationship. 
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e Having a flexible approach and realistic expectations are crucial to 
success. The ability to build relationships and establish trust are 
important skills, which should be practised, taught and cultivated. 

e Prior experience of co-production can engender the confidence 
needed to take perceived risks or develop flexible research proposals. 
It can also equip the researcher with the confidence to recognise and 
make changes when a partnership is not effective. 


Promote new 
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structures and multidisciplinary 
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Fig. 1 Summary of the key themes emerging from UKCR projects relating to 
a required step change in co-production research for climate resilience 


The need for relationship building was accentuated by the COVID- 
19 pandemic restrictions. Close relationships allowed for a more agile 
response to changing circumstances. This is another argument for 
investing in such skills—and integrating time for nurturing relationships 
into career development and project design. 
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Finally, it is clear from the UKCR programme that there are a range 
of effective and transformative approaches to co-production, driven by 
different disciplinary backgrounds, motivations and expectations. Many 
of the most successful examples enacted co-production continuously 
throughout the research, with creation of knowledge and understanding 
the primary aim, and other pre-defined outputs secondary to this. In 
many cases, the aspiration to co-produce was juxtaposed with reality and 
practicality, particularly in the context of restrictions during the COVID- 
19 pandemic. There is a spectrum of approaches, and each has its relative 
strengths. Notwithstanding, in strong agreement with previous literature 
[25, 26, 27], there is a need for greater transparency and shared expecta- 
tion regarding co-production: what it means in each context, how it will 
be achieved, and what the anticipated benefits are for all participants. 
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There was considerable interest in the scheme from public, private 
and third sector organisations. 

The COVID-19 lockdowns limited the extent that ERs could phys- 
ically work within their host organisation, but embedding and 
collaborative working was still achieved. 

ERs and hosts agreed that the approach enabled more fit-for-purpose 
outcomes than through traditional research or consultancy; future 
schemes could include ‘host’ staff spending time in research insti- 
tutions to better understand the nature of academic knowledge 
production. 

Factors influencing effectiveness included the perception of being 
‘on the inside’ of the organisation; the flexibility of the research 
workplan; the openness of the ER and host to learning; a facilita- 
tive and curious outlook; and the commitment to achieve mutually 
beneficial goals. 
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] INTRODUCTION 


As the imperative for effective responses to our changing climate grows, 
so too do calls for more agile ways to bring climate-related information 
into decision-making, and allowing policy and practice to inform research 
directions and approaches [1, 2]. However, this is not straightforward— 
research must engage with a diversity of stakeholders and sectors and in 
a range of organisational settings. Spanning science, policy and practice 
requires careful brokering, convening and sense-making to ensure climate 
information fits organisational contexts, and reciprocally shapes ongoing 
production of knowledge [3-6]. 

Traditional climate science communication is often portrayed as the 
linear transmission of information and knowledge between ‘producers’ 
and ‘users’ [7]. In this chapter, we present the UKCR’s Embedded 
Researcher (ER) scheme as an alternative and reflect on its relative merits 
and achievements. By placing researchers within host organisations, the 
scheme acknowledges the importance of organisational contexts, with 
climate science as one of several sources of decision-relevant information 
needed. Novelty and research excellence emerge from shared develop- 
ment and discovery, ensuring information is ‘actionable’ and fit-for-use. 
An underlying premise is that more trusting researcher-host relationships 
evolve through immersion, as well as close, collaborative working towards 
a common purpose. This supports deeper exploration of constraints to 
action, resulting in significant and meaningful outcomes. 


2 THE EMBEDDED RESEARCHER SCHEME 


The scheme comprised two cohorts of researchers embedded for up to 
12 months. Cohort 1 had a two-stage application process: following a 
call for hosts to propose research questions, UK Research and Innova- 
tion (UKRI)/Natural Environment Research Council (NERC) published 
the 20+ research ideas, inviting interested researchers to contact the host 
organisations to prepare a collaborative bid. Cohort 2 had a single-stage 
application process, whereby researchers were invited to develop projects 
directly in partnership with host organisations. 
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2.1 Funded Projects and Outcomes 


The scheme had an enthusiastic response from 35 public, private and third 
sector organisations. Table 1 summarises the 13 projects funded, and the 
range of contexts and outcomes achieved. Feedback from hosts was posi- 
tive, but inevitably some projects were more successful and collaborative 
than others. The factors that influenced this are addressed later in this 


paper. 


2.2 A Note on Embedding During a Global Pandemic 


Cohort 1 started mid-pandemic (COVID-19). Through online working, 
attending meetings and sharing data was easy, but virtual working posed 
limits to the extent ERs could be fully embedded. For Cohort 2, a hybrid 
way of working was possible, allowing face-to-face meetings and events 
during spring and summer 2022. During the period of the scheme, online 
or hybrid working and ‘only travel if you have to’ advice became normal, 
inevitably changing expectations of embedding. 


3 HOW DID RESEARCHERS AND HOSTS 
EXPERIENCE THE ER SCHEME? 


Table 1 demonstrates the variety of organisational settings and projects 
under the UKCR FR scheme. The FR experience also varied, in terms of 
how embedded the researchers felt and how collaborative the work was. 
Remote working during the COVID-19 lockdown reduced opportunities 
for informal contact with colleagues, which made it harder for some to 
distinguish their work from consultancy or traditional research. Others 
reported feeling well-embedded, and that ‘moving online’ made joining 
meetings with senior colleagues and outside organisations easier. 

In terms of added value, the ERs increased the capacity, impact and 
reach of hosts’ work, contributed new ideas and ways of working, and 
were able to take advantage of opportunities that arose, such as the 
drafting of the adaptation and resilience section of Manchester’s climate 
policy https: //www.manchesterclimate.com/framework-2020-25. Some 
elements are indistinguishable from what could be achieved through 
traditional research or consultancy, such as giving advice on how to use 
probabilistic projections or providing additional ‘bandwidth’ to support 
ongoing work. The following quotes captured from hosts and ERs and 
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Table 1 The details of the funded projects across the two cohorts 


Host 


Academic 
institution 


Project title and outcome 


Duration Academic 
(intended) status at 
start 


COHORT 1: (September 2020—December 2021) 


Space4- 
Climate? with 
London 
Climate 
Change 


Partnership? 


Environment 
Agency 


Department 


for Education’ 


Manchester 
Climate 
Change 


Agency! 


Bristol City 
Council) 


King’s 
College 
London‘ 


Newcastle 
University? 


University 
College 
London& 


Manchester 
Metropolitan 
University’ 


University of 
Manchester“ 


Climate Stress Testing 
Outcome: Brought together 
stakeholders in the UK food 
supply chain and the earth 
observation industry to 
improve the UK’s food 
security 

Environment Agency 
Incident Response 
Outcome: Clearer 
characterisation and 
quantification of current 
Environment Agency flood 
and drought incident 
response activity, and capacity 
required for future climates 
ARID 

Outcome: Enhanced 
characterisation, 
quantification and 
communication of 
climate-related school 
building asset management 
risks through developing 
adaptation pathways to rising 
heat stress 

Manchester Climate Action 
Outcome: Established a 
baseline assessment of 
Manchester’s climate risk, 
and a policy and 
action-planning framework to 
enable Manchester to adapt 
to and increase resilience to 
climate variability 

Bristol Heat Resilience 
Outcome: Co-developed a 
Heat Vulnerability Index and 
a Heat Resilience Plan for 
Bristol to support the City 
Council in developing heat 
risk reduction strategies and 
increased resilience for 
citizens, communities and 


businesses! 


12 months Research 
0.6 FTE Associate 
(later 0.4 

FTE) 


12 months Lecturer 
0.5 FTE 


12 months Research 

Full time Assistant 
(Completing 
PhD) 


12 months Senior 
0.8 FTE Lecturer 


17 months Researcher 
1.0 FTE (Completing 
(with PhD) 
additional 

funding 

from host) 


(continued) 
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Table 1 (continued) 
Host Academic Project title and outcome Duration Academic 
institution (intended) status at 
start 
Anglian University of | Water Sector Resilience 12 months Lecturer 
Water™ Sheffield” Outcome: Initiated a 0.5 FTE 


long-term collaboration to 
identify and address gaps 
in climate adaptation in 
water resource systems to 
support better system-level 
adaptation planning 


COHORT 2: November 2021-October 2022 (and ongoing at time of writing) 


Leeds City University of 
Council® with Manchester 
Yorkshire and 

Humber 

Climate 

CommissionP 

City of British 
London Geological 
Corporation’ Survey‘ 

JBA Newcastle 
Consulting" University" 
Climate University of 
Northern Bristol” 
Ireland“ 


Yorkshire Climate Action 12 months 
Desired outcome: Clarity on 0.2 FTE 
responsibility for 
implementing the 
Yorkshire and Humber 
Climate Commission’s new 
Climate Action Plan in 
Leeds City Council, using 
performance to kick-start 
conversations with different 
service areas 

London Climate Action 
Desired outcome: Improved 
understanding of how 
urban subsurface space can 
be used to deliver the City 
of London’s Climate 
Action Strategy and 
improve climate resilience 
Stochastic Simulation 
Desired outcome: Improved 
understanding and use of 
stochastic weather 
generators in applied UK 
climate resilience projects, 
with a focus on flood and 
water management 

Once Upon a Time 
Desired outcome: Improved 
two-way dialogue between 
rural/agriculture and 
academic/policy 
communities, leading to 
better understanding of 
climate risk and resilience 
options* 


12 months 
0.5 FTE 


12 months 
0.75 FTE 


12 months 
0.55 FTE 


Professor 


Researcher 


Research 
Associate 


Research 
Associate 


(continued) 
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Table 1 (continued) 


Host Academic Project title and outcome Duration Academic 
institution (intended) status at 
start 
Time and Tide University of | Time and Tide 12 months Professor 
BellY Exeter” Desired outcome: Greater 0.2 FTE 


understanding of how 
Time and Tide Bells, 
specifically, and 
science-informed art more 
generally help communities 
become more resilient in 
the face of climate change 
and socioeconomic 


inequalities 
Church of University of | Resilience for Churches 12 months Researcher 
England™* Manchester? Desired outcome: Enhanced 0.8 FTE (Completing 
community climate PhD) 


resilience and protection of 
Church of England’s 
churches and other 
heritage buildings through 
the collation and 
dissemination of successful 
climate adaptation 
strategies already in use 


National University of | Tourism Adaptation 12 months Professor 
Trust*© and Exeter®® Desired outcome: Greater 0.4 FTE 

Historic awareness of the potential 

Environment impact of future climate 

Scotland*4 change and scenarios on 


visitor business 


Notes Anttps: //space4climate.com/; bhttps://climatelondon.org/; Shttps://www.kcl.ac.uk/; 
https ://www.gov.uk/government/organisations /environment-agency; ©https://www.ncl.ac.uk/; 
fhttps: / /www.gov.uk/government/organisations /department-for-education; Shttps://www.ucl. 
ac.uk/; h https: //www.manchesterclimate.com/; ‘https: //www.mmu.ac.uk/; ihttps: //www.bristol. 
gov.uk/; Khttps: //www.manchester.ac.uk/; lhttps: //wwvw.bristol.gov.uk/council-and-mayor/ policies- 
plans-and-strategies /energy-and-environment/the-keep-bristol-cool-mapping-tool; ™https://www. 
anglianwater.co.uk/; “https://www.sheffield.ac.uk/; °https://www.leeds.gov.uk/; Phttps://yorksa 
ndhumberclimate.org.uk/;  Thttps://www.manchester.ac.uk/; "https: //www.cityoflondon.gov.uk; 
Shttps://www.bgs.ac.uk/; thttps://www.jbaconsulting.com/; “https://www.ncl.ac.uk/; Yhttps:// 
climatenorthernireland.org.uk/; “https://www.bristol.ac.uk/; *https://ukcrp.shinyapps.io/Agricultu 
reNI/; Yhttps://timeandtidebell.org/; *https://www.exeter.ac.uk/; “https: //www.churchofengland. 
org/; ab https: //www.manchester. ac.uk/; *“https://www.nationaltrust.org.uk/; adhttps://Awww.histor 
icenvironment.scot/; *“https://www.exeter.ac.uk/ 
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hosts highlighted what made the UKCR ER approach unique—and 
thereby more impactful: 


e Researchers gained a deeper understanding of the organisation. 


Embedding gave me a more complete understanding of how the organisa- 
tion works and what information they need to make decisions (e.g. sectors, 
geographic regions, level of detail). (ER) 


All of the materials that he’s [the ER] developing for us — and the work- 
shops he’s going to run — suit us because he’s embedded enough to 
understand how to do them in a way that works in our slightly odd and 
complicated organisation. (Host) 


e Through the extended collaboration, there was time to experiment 
and to revise. 


Through exploring something together, we gained a first step in a new 
area with an array of challenges we need to overcome to move forward. 
This was quite a high-risk piece of work which would not have worked as 
a consultancy project. (Host) 


e Researchers and hosts forged long-term relationships. 


I had time to work with the host to identify operational gaps for future 
research. We identified two such gaps, leading to an Engineering and 
Physical Sciences Research Council (EPSRC) grant and an Industrial Coop- 
erative Awards in Science & Technology (CASE) doctoral studentship. 
(ER) 


This was a great way to establish a working relationship. I hope we will 
have many more collaborations with our ER. Some papers are planned and 
the conversation is certainly ongoing. (Host) 
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e Researchers were able to act as a catalyst. 


This allows you to join up a whole bunch of people who are thinking, 
doing, or wanting to do things in their community. (ER) 


e Researchers were able to develop a more meaningful dialogue with 
hosts. 


Embedding is the way to get to what people want, which is action. Because 
you’re in the inside there is less of a perceived barrier. You have more time 
to get feedback and think through what will work. (ER) 


By listening to people, their identities, their concerns, and feeling part 
of it yourself, you want to avoid solutions that don’t work, like a policy 
prescribed by someone who has no idea about that locality, or the people’s 
lives in that locality. (ER) 


e The scheme supported more effective communication and engage- 
ment. 


I used to do a lot of public engagement. Embedding is just a totally 
different way of doing it - a better way. Now just getting up on a stage 
and giving a public talk seems like a waste of time. This is a much deeper 
way of engaging because you’re part of it. (ER) 


I have changed how I communicate. It used to be very one-directional. 
Good storytelling is patient, slow and takes time. And that’s what embed- 
ding does. It is not standing up and giving a talk and answering questions 
at the end, and then going home. It is weeks of having conversations and 
eventually you get these ‘aha!’ moments. (ER) 
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e Links were forged across boundaries and between internal/external 
expertise and action. 


We talk about interdisciplinarity, but this is beyond that. You’re working 
across disciplines, and you’re still doing researcher stuff, but you’re also a 
facilitator, a convenor, a planner. And you’re responding to whoever you’re 
working with. (ER) 


e Researchers gained new perspectives on the knowledge needed for 
decision-making. 


It’s a humbling experience, the recognition that there is whole set of other 
types of knowledge, experience and wisdom out there. (ER) 


I used to think there was very little information on impacts in Northern 
Ireland. Now, after a year of meeting lots of people, actually there’s so 
much knowledge out there. (ER) 


I’m not as quick to go down a scientific rabbit hole and lose sight of ‘what 
do we actually do to solve this?’. P’ve realised that often tiny, tiny details 
in the scientific research are not that necessary. (ER) 


4 Wuat HELPED AND WHAT HINDERED 
IN ACHIEVING EFFECTIVE OUTCOMES? 


Despite the variation between host institution and context, several 
common themes emerged from conversations! about factors that 
supported/constrained embedding and collaboration in the ER projects. 


l Embedded researchers in both cohorts had on-boarding conversations with UKCR 
Champion Kate Lonsdale (the lead author of this paper) and periodic cohort meetings 
to share progress and discuss what was going well and less well, including the extent to 
which they were able to embed in their host organisations. 
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4.1 Being ‘on the Inside’ of the Organisation 


Understanding how their project connected to the wider work of their 
team (or organisation) helped ERs to see how their project would 
add value. It also allowed host colleagues to see how they could 
support the research. The time needed for ERs to understand a different 
organisational culture, motivation and ways of working was sometimes 
underestimated, however. 


What Helped 


Sorting logistics (IT, access to data platforms, HR responsibilities) before 
the ER was in post; providing an organisational email so they were seen as 
part of the organisation (both internally and externally); and scheduling 
time with colleagues from the outset to understand the ‘big picture’ 
context of the work (with space for informal conversations). 


What Hindered 


Delays in accessing IT systems and data platforms; ERs feeling isolated 
and unsure how to contribute; and key host staff moving on, thereby 
losing the context and champion for the project. 


4.2 Flexibility in the Research Workplan 


The process benefitted from being seen as (at least partially) flexible and 
part of an ongoing enquiry into what had relevance in the problem 
context. This means not fixating too soon on specific outputs, mile- 
stones and timelines, but ‘holding them lightly’, to be explored as part 
of a process of mutual learning. Attitudes varied as to how fixed the 
initial work plan was across the UKCR ER projects; some were concerned 
about the barrier to future funding if named outputs were not achieved, 
while others focused on the ultimate goal, assuming that the workplan 
to achieve it was flexible and an essential part of any collaboration. One 
ER suggested that collaboratively defining the key questions has value in 
itself, and particularly valuable if it lays the groundwork for long-term 
collaboration. 
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What Helped 


Conversation throughout, from initial scoping to final evaluation; and 
periodically reflecting on actual progress (compared with what had been 
expected) and the reason for any discrepancies. 


What Hindered 


Concerns about the workplan being ‘fixed’ before the work commenced, 
with inadequate understanding of the host context. 


4.3 Openness to Learning on Both Sides 


Both hosts and ERs need to be open to continued learning, as supported 
by the ongoing comparison between ‘expectation’ and ‘what emerges’ 
referred to above. So much of our practical knowledge is tacit, or even 
unacknowledged and out of our awareness. What seems obvious to the 
ER may be news to the organisation and vice versa. One ER, for example, 
reportedly underestimated the extent to which their host understood 
climate risk, causing a significant revision of the outputs. By allowing 
time to digest and talk through a problem, outlooks can be gently chal- 
lenged, connections nurtured and ‘aha’ moments cultivated—especially 
when aspects that are only obvious to one side are revealed. 


What Helped 


Seeing discussions about changes to the workplan or an output as an 
important aspect of ensuring that the work remains fit-for-purpose; and 
recognition that there is not always best practice to follow, but that 
emerging and promising practice is understood and strengthened through 
dialogue and integrating different types of knowledge. 


What Hindered 


Pressure for the researcher to have answers before they have had time to 
understand the context; and pressure to take action before the relevant 
knowledge is integrated. 
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4.4 Seniority and Length of Service Are Less Important Than 
Personality and Outlook 


The question “Are early career researchers (ECRs) better suited to this 
or can researchers at any career stage embed?” was discussed throughout 
the scheme. Some hosts particularly enjoyed working with someone at an 
early stage in their career, but others wondered, given the fixed funding 
available, would fewer days of a more senior academic be of greater value? 
One ER weighed up the options an ECR could fully embed within an 
organisation and create high-quality outputs. Conversely, they could be 
so concerned with developing their academic career that this shapes the 
focus of the work and they prioritise writing articles over spending the 
time to truly work for their host. Equally, a more senior person may be 
more ‘set in their ways’, used to advising and less good at listening, which 
might result in poorer outputs. They could have the experience and job 
security to focus on delivering high-quality outputs with the host. 

Reflecting on the range of embedded researchers and the outcomes 
achieved, the relationship between the level of seniority and the project 
outcome proved inconclusive. Overall, the UKCR ER experience suggests 
that personality, skills and outlook are a better guide to impact than career 
stage. 


What Helped 


An ER taking a facilitative, person- and situation-centred approach; and 
an ER that is skilled in listening, making connections, seeing opportuni- 
ties to achieve common goals and checking for relevance. 


What Hindered 


An ER imposing their own research agenda; an ER overly concerned 
with academic career progression; a lack of curiosity about the wider 
system from the ER’s perspective; and an ER with poor communication, 
teamwork and convening skills. 


4.5 Adequate Commitment from ER and Host 


The extent to which hosts actively engaged with the process varied 
considerably, which was in part linked to the host’s investment in the 
research question. Cohort 1 ERs (particularly ECRs with less established 
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networks) valued the two-stage application process (where they could 
respond to a list of host-identified research needs) and some ERs made 
clear that they would welcome more mechanisms for practitioners to 
advertise research needs. This was largely lost for Cohort 2, with the onus 
on researchers to forge their own connections. 

Collaborative hosts found that the ER approach was more time- 
consuming than traditional research but resulted in more useful outputs. 
Not all hosts appreciated that for the embedding approach to work well, 
they needed to be actively engaged throughout the research process— 
from bid writing to evaluation. The UKCR approach could learn from 
other embedding approaches, such as FRACTAL [https://www.fractal. 
org.za/] to develop memorandums of understanding (MOUs) at the 
start, to clarify expectations, roles and responsibilities of all sides of an 
ER project. 

Few ERs were able to commit full-time to the host setting, largely 
because of existing teaching commitments. Clearly, ringfencing days for 
embedding helped, although working from home during lockdown made 
this differentiation harder. 


What Helped 


Clear host understanding of, and commitment, to the scheme; ongoing 
conversations about expectations; and ERs ringfencing sufficient time 
without other distractions. 


What Hindered 


Blurring of time-boundaries between competing demands; burnout; 
working from home; and additional family commitments. 


5 CONCLUSIONS 


The boundary-spanning challenge that the ER projects were intended to 
accomplish is not one of a simple transfer of knowledge from academic 
producers to decision-making users, but about building connections 
between different sources of knowledge, the people (and organisa- 
tions) who produce and hold this knowledge, and their decision-making 
processes. To work well, this requires research questions of impor- 
tance to both host and researcher; it also requires upfront and ongoing 
dialogue about goals, drivers and outputs, alongside a mutual openness 
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to change plans to accommodate emerging insights and identify more fit- 
for-purpose outputs that align the different professional, academic and 
personal contexts of those involved. 

The approach worked when it focussed on ‘what matters’ for the 
organisation, at a scale that made sense. Adaptation is context specific— 
organisations need support to explore tentative areas of interest, to 
understand the implications of headline climate messages for core busi- 
ness, to identify and trial new approaches, and to develop action plans 
and strategies. Across the 13 projects, the ER scheme provided tailored, 
human-human support, helping hosts to explore how to respond to 
climate risk in ways that felt meaningful. In the future, the scheme 
could be extended to enable organisational staff to embed in academic 
institutions, to better understand academic knowledge production. 

The embedding approach is not a panacea for all circumstances and not 
the only way to span policy-practice-science boundaries. To work well, it 
requires a commitment of time, goodwill, flexibility and an openness to 
learning and ‘not knowing’ on both sides that can seem counter-cultural 
in some organisations—including academia where there is pressure to be 
‘an expert’. 

Being an ER means not having ‘the answer’ but working with others 
to pool knowledge and experience to produce something that is fit-for- 
purpose. ERs contextualise their academic knowledge through listening 
and understanding organisational constraints and incentives. This requires 
working with others to balance the big picture and the detail, to criti- 
cally reflect on what has value, to unlearn previous assumptions and to be 
willing to change course to achieve the most appropriate outcome as new 
insight emerges. The skills needed to do this well are not yet commonly 
taught or valued in academia and deserve to be better appreciated and 
incentivised if we are to address the ongoing disconnect between climate 
information and adaptation action and ultimately achieve societal climate 
resilience. 
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e People are central to understanding place-based risk and resilience, 
with consideration of inequality and vulnerability required for effec- 
tive place-based climate adaptation. 

e Temporality is important. Place is not fixed, but changes over time, 
together with the community that inhabits it. 

e Discussing and sharing community knowledge increases the likeli- 
hood of successful creation and implementation of climate adapta- 
tion practices. 

e A sense of place can be deployed to build connections between 
people, across policy and between scales. 
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] INTRODUCTION 


Climate change has profound implications for societies across the world. 
The impacts of climate change are most acutely experienced at local scales, 
in the buildings, streets, neighbourhoods, towns and cities where people 
live and work. It is at this most granular spatial scale that climate change 
becomes a lived reality. 

Unlike climate mitigation, often framed as a global collective effort, 
adaptive pathways and interventions are dynamic social processes [1], 
realised at local scales, that require tailoring to specific contexts of 
people(s) and place(s) in all their complex and intricate assemblages. 
But implementation challenges abound [2]; successful adaptation requires 
careful coordination across a myriad of local actors and organisations, 
often with divergent interests and agendas. Moreover, investments for 
adaptation can have multiple dividends [3], addressing other pressing 
local issues—for example by improving our environment (e.g. parks, 
treescapes and waterways), or providing efficient, reliable, green trans- 
portation. 

The concept of ‘place’ is subject to debate and interpretation across 
disciplines [4]. A key point is how it differs from words like loca- 
tion or resolution, which are common concepts in climate research. 
Place combines a physical understanding of a location with the social, 
cultural, sensual and psychological values that people hold. For example, 
a detached scientific interpretation may suggest that a village has to be 
abandoned due to its location. However, for the people who live, or have 
lived or worked in that place, complete abandonment may seem incon- 
ceivable as this is where their children grew up, where their ancestors are 
buried and it holds their memories. The sense of distress and grief asso- 
ciated with environmental change, and with the prospect of relocation is 
termed ‘solastalgia’ [5]. Moreover, ‘place’ is never settled. It is, rather, in 
a perennial process of becoming [6], continually emergent, negotiated, 
contested and renegotiated. 

This chapter coalesces learning from projects that considered how 
climate adaptation and resilience have resonated with ‘place’ across its 
multifaceted geographies and socioeconomic, cultural and political char- 
acteristics. It outlines practical ways of accommodating climate resilience 
within a place, from working with communities to understand how they 
use their buildings and what place means to them, to what information 
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helps decision-makers at municipal and neighbourhood scales take climate 
action. 

The chapter emerged from an initial discussion of the importance of 
place-based climate resilience projects, followed by a workshop session. 
Case studies from across the UK Climate Resilience Programme (UKCR) 
are briefly described, revealing how the sense of place changes at different 
scales but can also serve as a vital connection between us. 

Given the complexity and subjectivity of interpretations of the concept, 
contributors have been given latitude to identify how place, a sense of 
place, and place attachment emerged as critical themes through their 
work. 


2 Loca. PLACES 
2.1 ClimaCare 


The project ‘ClimaCare’ quantifies climate related heat risks in care 
settings nationwide and enhances our understanding of human behaviour, 
building performance, organisational capacity and governance to enable 
the UK’s care provision to develop equitable adaptation pathways to rising 
heat stress. For the first time in the UK, ClimaCare collected temperature 
and humidity data in around 40 care settings, to assess the recurring risk 
of summertime overheating. 

Results from London care homes suggest that overheating is prevalent 
and prolonged, especially at night; the inability to cool down overnight 
can lead to increased mortality. Since the severity of overheating was 
lower in older buildings, building construction age can be a key factor 
for overheating risk [7]. 

In analysing differences between bedroom spaces and lounge areas, 
ClimaCare developed understanding at the sub-building scale, plus 
insights into how building design and behaviour have changed over 
time (i.e. a focus on winter warmth in recent years, with little venti- 
lation). The work of ClimaCare, therefore, highlights the usefulness in 
understanding how buildings—vital constituent elements of place—are 
constructed, operated and managed in future climate adaptation planning. 
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2.2 CLandage 


The project ‘CLandage’ uses a historical lens to learn about resilience. 
By learning how rural communities have adapted and responded to chal- 
lenges (including extreme weather) in the past, communities are reminded 
that places evolve over time [8]. 

One case study was a Grade II listed stone bridge at Pooley Bridge 
(Cumbria). Built in 1764, the bridge was lost during severe floods in 
December 2015 and replaced by the URs first stainless steel bridge. The 
name ‘Pooley Bridge’ reflects a longer history; ‘Bridge’ was added around 
1800. Prior to this, the site was known as ‘Pooley’ or ‘Pool How’ (the 
‘pool beside the hill’) and was situated at the foot of an ancient Iron 
Age hill fort. The site is a strategically important bridging /fording place 
within the wider landscape, with each new bridge designed to accom- 
modate greater flows and protect the community. The bridge’s purpose 
and design have changed through time as the needs of the people in 
that place changed. The newest steel bridge was designed to consider 
the wider policy and regional needs of the new UNESCO and Site of 
Special Scientific Interest (SSSI) designations, as well as respecting local 
history and environment, and providing functional infrastructure within 
a working landscape. As well as exhibitions and workshops, learning from 
this project has been encapsulated in a toolkit for identifying, assessing 
and characterising river heritage in collaboration with local communities, 
which will help support decision-making. 


3 NEIGHBOURHOODS 
3.1 MAGIC 


The ‘MAGIC’ project (https://www.communityactionforwater.org) 
explored how to sensitively engage local people in helping to hold rain- 
water back in their neighbourhoods, to both reduce flood risk at times of 
heavy rain and to enhance understanding of more natural and sustainable 
drainage. It revealed that engaging the public could augment the extent 
to which excess water can be stored in the landscape through domestic 
‘rainwater management systems’ (such as water butts or rain gardens) 
[9]. Additionally, these systems provide an understandable small-scale 
‘model’ of sustainable drainage systems, which were simultaneously being 
developed in the locality. 
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As climate change magnifies the risks of pollution and flooding, the 
need for public understanding of sustainable drainage becomes more 
urgent in order to enhance community buy-in when authorities propose 
sustainable drainage on public land, augment the public system by 
promoting small-scale rainwater management on private properties and 
increase acceptance for public funding of sustainable drainage. 

Community buildings (including a church, a primary school and a 
general store) were taken as a focus for engagement with local people 
using arts-based methods, such as drawing and ideas boxes, to stimulate 
discussions about where rain could be directed and held back. The key 
question addressed was: “Where around this building can we contain the 
rain, while also making it a better place for you to be?”. A key concern 
was to discuss rain without giving too much emphasis to flooding, which 
had locally traumatic associations. MAGIC’s community partners set up 
the cooperative ‘Susdrainable’ https://www.susdrainable.coop, to both 
construct the MAGIC rainwater management systems and support the 
placement of similar systems on other domestic and commercial build- 
ings. The legacy of the project includes the five rainwater management 
features in the landscape, associated signposting, and the ongoing work 
of Susdrainable. 


3.2 Creative Climate Resilience 


The ‘Creative Climate Resilience’ project focussed on community knowl- 
edge and creativity in an ex-industrial electoral ward in Manchester with 
high levels of social housing. Data on the local population show high inci- 
dence of poor health, poverty and social deprivation, low levels of voting, 
and conflicting development agendas. 

Creative Climate Resilience explored how socially engaged arts and 
community-based performance methods can be used to identify barriers 
and solutions, articulate perspectives, and offer processes, tools and skills 
to initiate climate mitigation and adaptation strategies. By taking a polit- 
ical ‘ward’ boundary, the project offered insights for how local authority 
practices compare with the city scale. Practically, the project informed 
the local climate action plan through active collaboration with the local 
authority and other stakeholders. Innovative outputs included toolboxes, 
school packs, animations and performance. 

Investigating perceptions, knowledge and experiences of ‘local’ 
place and neighbourhoods (i.e. distinctiveness, identities, care, activity, 
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networks and physical assets), provided insights around the complexity of 
community resilience. Artistically, exploration of folklore and storytelling 
transform the ways in which place and landscapes are perceived and imag- 
ined, folding nature and culture together, to capture the ways in which 
a place is shaped by interwoven social, psychological and topographical 
factors. The Creative Climate Resilience project has, importantly, partici- 
pated extensively in local activities in order to understand existing models 
of collaboration, creative solutions and care, and to identify barriers and 
opportunities around resilience. 


4 CITIES 
4.1 London Climate Action 


The ‘London Climate Action’ project developed an understanding of 
how the urban subsurface (the land and built infrastructure below 
the surface level) could help deliver the City of London’s Climate 
Action Strategy https://www.cityoflondon.gov.uk/services/environme 
ntal-health/climate-action/climate-action-strategy. The City of London 
has a particularly unique sense of place with a small population of resi- 
dents but a high migrant workforce, coupled with a congested and 
historic built environment both above and below ground. Access to 
subsurface data is complex, costly, restricted and sometimes lacking 
entirely. Subsurface models that work well in some urban spaces are 
problematic in other locations. 

The project recognises policy and data sources relevant to the subsur- 
face in relation to five key climate adaptation measures: (1) sustainable 
drainage systems; (2) urban greening and tree planting; (3) cool spaces 
below ground; (4) ground source energy; and (5) prevention of damage 
to buried utility services. This project found challenges with recon- 
ciling data, policy and other issues in different organisations, highlighting 
a need for government and organisations to work together on data 
creation, access and model development. The project identified a ‘sub- 
surface’ dimension to resilience planning, demonstrating gaps/barriers to 
mapping the use of these places and recommending implementation of 
suggested adaptation measures. 
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4.2 Meeting Urban User Needs 


The project ‘Meeting Urban User Needs’ provided a number of UK cities 
with the capacity to access and interpret local climate information for 
decision-making. 

Cities are complex systems with unique social and economic vulner- 
abilities, and decision-makers need to navigate climate adaptation in an 
equitable way. They first need to understand how climate change might 
impact the city as a whole, as well as the relationship between climate 
hazards and specific city vulnerabilities, so that at-risk areas and vulnerable 
groups can be prioritised for adaptation planning. 

Urban City Packs were developed with a user journey approach in 
mind, building awareness, depth of understanding and capacity for imple- 
menting informed climate action. Services were developed with cities, and 
broad climate messaging and climate model output were framed at the 
local level. 

While each city had similar requirements in terms of climate infor- 
mation, every city was unique in terms of capacity to interpret and 
use information; depending on location, different hazards (e.g. heat, 
flooding, drought) and vulnerabilities (e.g. infrastructure, health, popula- 
tion) were prioritised, resulting in bespoke products to fit user need. All 
cities required additional support to understand how they could use the 
information in their climate action. It was important to work closely with 
the city, to inform both the design of the city pack (an understanding 
of ‘place’) and ongoing development of the service (an understanding of 
use). 


4.3 Manchester Climate Ready 


The ‘Manchester Climate Action’ project [10] demonstrated that at a city 
scale, climate adaptation policy and practice must be cognisant of—and 
complement—municipal characteristics of place. This resonance is essen- 
tial not only to assure acknowledgement by city leaders, but also to gain 
traction in the congested arenas of public policy and urban governance. 
Such an approach is vital if climate policy is to be integrated with broader 
economic, social and cultural policies and practices. 

In Manchester—a city with a self-declared vision to be in the top flight 
of world-class cities by 2025 (manchester.gov.uk/info/500313/the_man 
chester_strategy/7177 /our_vision_for_manchester_in_2025)—it was 
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clear that climate policy should be reconciled with its socioeconomic 
ambitions. By appealing to these agendas, climate resilience policy not 
only gains greater recognition in its own right but also has the potential 
to use broader policies as a vehicle for greater climate resilience. 

A placement undertaken with the Manchester Climate Change Agency 
carefully situated climate policy within these wider contexts, with outputs 
including the development of a vision (https://www.manchesterclimate. 
com/content/2022-update) for ‘progressive climate resilience’ [11] and 
an associated series of principles that would integrate with other city-wide 
agendas and ambition. The project has a lasting legacy through on-going 
work referred to as ‘Manchester Climate Ready’. ! 


5 REGIONS 
5.1 Once Upon a Time 


The ‘Once Upon a Time’ project explored how stories and storytelling 
can effectively be used in climate risk research in Northern Ireland. It 
considers contrasts in local climate between eastern and western coun- 
ties, extending the idea of ‘place’ to the emergence of ‘networks between 
places’. 

Initial visual storytelling, in the form of infographics, started with a 
top-down, data-driven approach, producing risk-related metrics for the 
agricultural community through an app (https://ukcrp.shinyapps.io/Agr 
icultureNI/). Feedback quickly highlighted the need for further detailed 
contextual information at a more localised scale, leading to discussion 
groups being organised across different regions to allow stakeholders to 
tell their stories. While research often translates hazard data (e.g. number 
of heatwaves) to impacts (e.g. livestock heat stress) across large spatial 
scales, local idiosyncrasies mean methods to do this may come with signif- 
icant uncertainties. Working in collaboration with stakeholders to locally 
contextualise data can help understand the appropriate ‘risk currency’ 
[12] for a given place and help reduce uncertainties that are inevitable 
in a one-size-fits-all model. 

Furthermore, in Northern Ireland, there is a considerable degree of 
east-west variability in climate impacts, in terms of forage for livestock 
during hot, dry summers, for example. Province-wide resilience could 


l See Chapter 4 of: https://www.manchesterclimate.com/sites/default/files/2022% 
20Update%200f%2 0the%20Manchester%20Climate%20Change%20Framework%20%282 
020-25%29%20AA. pdf. 
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potentially be built by strengthening existing networks between places 
or communities in different geographic locations that may be impacted 
asynchronously in time. 


6 CONCLUSIONS 


The chapter demonstrates how, across a multitude of distinct case studies 
and projects, ‘place’ is key to the extreme weather and climate impacts 
we experience and can be used to frame climate adaptation and resilience 
in a more accessible and more efficacious way. We identify below six key 
principles from these projects to aid climate adaptation by practitioners 
and policymakers. 


1. Climate action and adaptation are more likely to be effective if they 
acknowledge and are congruent with local senses of place. That said, 
despite the great importance of place-based actions, these should not 
be developed at the expense of addressing the wider structural issues 
that limit both climate action and adaptation, such as the challenge 
of achieving joined up policy making. 

2. Place is relatable. It is where the implications of climate change 
become personal and tangible. Place, and a sense of place attach- 
ment, can be used to evoke the urgency and necessity of adaptation 
and to energise policymakers at local scales. 

3. Place changes over time, as do cultural norms and the behaviours of 
people that inhabit a place. Set ideas of place can be restrictive for 
imagining futures or different ways of living. Understanding how 
a place has evolved and adapted across time and how this will be 
influenced by climate change is vital, therefore, to understand what 
will facilitate and inhibit adaptation. 

4. Understanding local vulnerability is vital for realising adaptation, 
such as how buildings, neighbourhoods and wider areas are planned, 
constructed and function, and how each of those elements relate 
to each other. Decision-makers must also be attuned to inequality 
across and between places. Inequalities and inequity within existing 
decision-making around place is a major barrier for adaptation, and 
one that must be carefully understood and confronted. 

5. Place is not just about the buildings or infrastructure; we must 
engage with people. Folklore and storytelling can be used to unearth 
community knowledge and creativity, to identify barriers, solutions 
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and perspectives, and offer processes, tools and skills to initiate 
climate action and adaptation strategies. Change happens when 
communities are united by a common threat or sense of purpose. 
Developing proposals with local people not only helps shape adap- 
tation to meet local needs, but also enhances local understanding of 
the need and means to mitigate and adapt to climate change. 

6. Place connects not only the people in localities but across different 
scales. The distinctiveness of particular places and their similarities 
with other locations provide useful reference points and, potentially, 
a locus of connectivity. Place is distinct, yet also nested in scale, 
relational and in connection with other locations. 
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e We highlight the significant potential of place-based arts and human- 
ities approaches for working with and engaging communities in 
building climate resilience and driving climate action. 

e We underline the importance of generating genuine two-way 
dialogue, knowledge exchange and co-creation between academics, 
practitioners, and community members. 

e We point to the importance of robustly and reflexively assessing the 
effectiveness of arts and humanities-led engagement. 

e We argue that working collectively to develop more integrated 
climate and arts/cultural policy is imperative for supporting future 
long-term climate resilience. 


Keywords Arts - Humanities -Community engagement - Climate 
resilience 


] INTRODUCTION 


Over the last decade, a growing body of research has identified the effec- 
tiveness of arts and humanities approaches for connecting climate science 
with communities that stand to be most affected by climate change [1- 
3]. This links to a range of strategies that explore how audiences can be 
engaged with climate issues through creative, historical and place-based 
encounters [4—7]. However, the outcomes and opportunities for learning 
from arts and humanities-based research are not always well disseminated 
or valued by disciplines outside of arts and humanities circles [7-9]. 
This includes at national policy level where arts and humanities have 
exerted little influence over the ways in which climate change is framed 
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within public discourse and climate policy—despite targeted recommen- 
dations for policymakers [9-11]. As a result, the benefits of mobilising 
arts and humanities approaches in order to build climate resilience remain 
underutilised by climate scientists and policymakers [11]. 

This chapter addresses these research and policy gaps, sharing key 
learnings from five arts and humanities-led UKCR projects. Here we 
provide an overview of the evolving academic and practice-based discus- 
sions that emerged during the lifespan of each project, and present 
reflections identified in a series of collaborative workshops with project 
teams in spring 2022 and subsequently through a paper session at the 
Royal Geographical Society Annual International Conference in August 
2022 [12]. In doing so, this chapter will demonstrate the value of arts and 
humanities approaches for engaging communities with climate change 
impacts and action, and the importance of place and dialogue for building 
effective climate resilience. The projects are as follows: 


e ‘Community climate resilience through folk pageantry’ (Creative 
Climate Resilience), led by Dr Jenna Ashton at the University of 
Manchester. 

e ‘Risky Cities: Living with water in an uncertain future climate’ (Risky 

Cities) and the related UKCR impact project On the Edge, led by 

Professor Briony McDonagh at the University of Hull. 

‘CLandage: Building climate resilience through community land- 

scapes and cultural heritage’ (CLandage), led by Professor Neil 

Macdonald at the University of Liverpool. 

e ‘Once upon a time in a heatwave’ (Once Upon a Time), an 

embedded researcher project led by Dr Alan Kennedy-Asser at the 

University of Bristol. 

‘Time and Tide: Resilience, adaptation, art’? (Time and Tide), an 

embedded researcher project led by Professor Corinna Wagner at 

the University of Exeter. 


What follows is divided into three sections. The first reflects on the 
importance of place-based approaches in driving awareness, action and 
resilience building, while the second explores issues around community 
dialogue. The third focuses on the impacts of these projects, including 
local and national policy outcomes. The final section summarises our key 
learnings and suggests directions for future enquiry. 
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2 IMPORTANCE OF PLACE 


Central to all projects was a belief that place mattered and that place- 
based approaches help make climate impacts more tangible and relatable 
to members of the public—and so build a platform for engagement and 
action [7, 13]. Local stories and place-specific climate messages proved 
valuable for each of the UKCR projects in being able to transition from 
small-scale questions about community resilience to larger scale issues 
such as climate change, so that personal and community resilience was 
built through understanding past extremes in the local area. Importantly, 
several projects utilised the local as a lens through which to connect the 
past, present and future in productive ways to drive anticipatory action. 
Understanding historical relationships to place and environment proved 
important for facilitating engagement with generational and longer-term 
interactions that communities have had with their environment. This 
helped to generate a sense of identity and environmental continuity that 
was conducive to positive climate action [14]. 

The UKCR projects variously harnessed place-based and historically 
informed approaches, using different geographical lenses and delivering 
project outcomes at varying geographical scales. ‘CLandage’ and ‘Risky 
Cities’ worked with archival material including maps, civic records, anti- 
quarian histories, diaries and newspapers—for Cumbria, Staffordshire and 
the Outer Hebrides, and Hull and the East Riding of Yorkshire, respec- 
tively—to research experiences of living with climate, weather and flood 
for use in delivering local climate interventions. By contrast, ‘Creative 
Climate Resilience’ worked at a much smaller scale, focusing on the 
ward of Miles Platting and Newton Heath in Manchester, selected in 
part because of its high socioeconomic, health and political inequalities 
and conflicting development agendas. Working within an area defined 
by its political boundary offered insights into how local authority prac- 
tices materialise at a micro level in ways that are distinct from city 
or regional scales. Investigating people’s perceptions, knowledge and 
experiences of ‘local’ place and neighbourhoods—distinctiveness, care, 
activity, networks, assets—proved vital for local participation and inclu- 
sion in underlining the complexity of community resilience, and what 
this offers for mitigation and adaptation strategies. In turn, explorations 
of folklore and mythological storytelling have helped transform the way 
place and landscape are perceived and imagined in Miles Platting and 
Newton Heath, folding nature and culture together and promoting a 
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personal connection to climate change that stimulates awareness, action 
and resilience. 

Narratives connected to place are also important to the ‘Once Upon a 
Time’ and “Time and Tide’ projects. Memory and anecdote add personal 
stories to otherwise impersonal data. In ‘Once Upon a Time’, partici- 
pants explored their relationship to place and how this intersected with 
climate-related experiences to generate individual stories. These often 
tied memories of weather extremes to dates, places, activities or senses, 
or explored a theme in the past, present and future. The insights were 
then brought together to produce compelling narratives, as was the case 
for the ‘Future of the Northern Irish Countryside’, a story produced in 
collaboration with local storyteller Liz Weir. The creative act of story- 
telling provided an alternative way for the climate research community to 
explore place-based climate data at more intimate scales than is produced 
by climate risk modelling. The ‘Time and Tide’ project features large 
sculptural bells that ring at high tide, installed at sites around the British 
coast from the Isle of Lewis to Cornwall (Fig. 1). The bells were cata- 
lysts for sharing memories about climate change in coastal communities, 
with each bell a centrepiece for conversations amongst local grassroots 
groups, educators, regional conservation groups and arts hubs. Partici- 
pants designed and implemented activities ranging from beach schools to 
‘TEDx’-style panels with the aim of translating place-based stories into 
plans of action on climate change. As a result, members of citizen science 
groups have collaborated with academics and contributed to scientific 
findings while the Friends of Par Beach and school groups in Harwich, 
Essex have cleaned beaches. 


3 GENERATING DIALOGUE 


All the projects went beyond addressing specific knowledge deficits or 
one-way communication, working instead to foster two-way dialogue, 
knowledge exchange and co-creation between academics, practitioners 
and community members. They all centre on equity and social justice 
concerns, working to ensure that communities have agency over the 
knowledge that they are part of producing and that it is used in ways 
that are beneficial to them. This was especially important in working with 
communities whose past experiences may have been of research being 
‘done on’ rather than ‘with’ them. 
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Fig. 1 Appledore Time and Tide Bell. Artist: Marcus Vergette (Photograph 
Corinna Wagner, 2021) 


Arts and humanities-based approaches offer unique opportunities to 
facilitate dialogue creation. Creative workshops offer an approachable 
way for communities to engage in academic research. At the same 
time, creative practices, especially handwork (such as sewing, knitting 
and crafting), can offer space for difficult conversations about sea level 
rise, coastal erosion and loss, particularly when they draw upon place- 
based and historically informed stories, which make big stories of global 
change more relevant and legible at the local scale. For ‘Risky Cities’ 
and ‘CLandage’, intensive programmes of archival recovery [15, 16] fed 
into creative workshops, offering opportunities for participants to work 
with archival materials, maps and material objects while sharing their 
experiences of weather, climate and flood. ‘Risky Cities’ recovered an 800- 
year history of living with water and flood in Hull and the surrounding 
region, using these resources to inform a series of place-based, histori- 
cally informed arts events (see the discussion of FloodLights below) and a 
community engagement programme involving textile and creative writing 


6 LEARNING FROM ARTS AND HUMANITIES APPROACHES ... 81 


workshops, a soundscape and a touring exhibition. ‘CLandage’ devel- 
oped workshops and exhibitions that used cultural heritage materials from 
Staffordshire and the Outer Hebrides to generate dialogue around climate 
and extreme weather; for example, the project utilising qualitative records 
of past weather as a prompt for participants to write about their own 
memories, or to reinterpret the original source material coloured by their 
own experiences and understanding of the local environment. 

In both projects, participants’ experiences fed into the research process, 
culminating in co-created outputs including poetry, [17] creative writing, 
craft and storytelling that were used in digital and in-person exhibitions 
curated by and displayed within the communities concerned. Each exhibi- 
tion also facilitated discussion around climate change between workshop 
participants and their family and friends. Similarly, with the “Time and 
Tide’ initiative, local oral histories collected at bell sites (e.g. Morecambe 
in Lancashire, Redcar in North Yorkshire and Harwich in Essex) were 
the starting point for multi-artist exhibitions and creative writing publica- 
tions. Oral histories revealed much about the decline of coastal industries, 
land erosion and flooding, but also provided insights into the language, 
images and cultural references that people use to express their feelings 
and plans. Age-old narratives of ‘The Flood!’ formed the basis of perfor- 
mances by Cornwall-based theatre group Prodigal UPG (https://prodig 
alupg.com), while video responses to the question “What does the sea 
mean to you?” were reproduced in the film COTIDAL (https://timean 
dtidebell.org/cotidal-new/), by artist Tania Kovats. 

‘Once Upon a Time’ also used a simple question to generate dialogue: 
“What is your favourite thing about the countryside?”. Participants were 
then able to use this prompt to explore their own experiences of place and 
climate change. ‘Creative Climate Resilience’ utilised a related but distinct 
model of socially engaged practice through arts-based research, gener- 
ating stories, images, performances, music and creative objects (Fig. 2) 
in order to encourage residents, local authority members, environmental 
charities, religious organisations, community developers, youth workers 
and schools to participate in creatively articulating perspectives and solu- 
tions for climate mitigation and adaptation issues—and thus feed into 
local climate action plans. As one contributor to this chapter eloquently 


l The use of ‘The Flood’ refers to stories of flooding or deluge often attributed to 
deity or deities, sent to destroy civilisations or punish the wicked, often in an act of 
divine retribution. 
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put it, “Researching through embedded engagement brings people with 
you on a journey of curiosity and knowledge creation, and ensures that 
both the academic research and creative outputs are genuine public 
scholarship”. Crucially, practice such as this demonstrates how creative 
research is joyful and playful, while also having serious implications for 
decision-making. 

Similar experiences were reported in On the Edge, a collaborative 
project between the National Youth Theatre and the University of Hull, 
funded by a UKCR impact award. The 90-minute, co-created theatrical 
performance platformed young people’s experiences of living with climate 
change in coastal and estuarine communities on a global policy stage 
at the 26th UN Climate Change Conference of the Parties (COP26) 
in Glasgow UK. It comprised a new play by Adeola Yemitan called I 
Don’t Care, and a climate cabaret directed by Tatty Hennessey including 
spoken word, poetry, music and magic. This rich and stimulating project 


Fig. 2 Creating objects for the ‘Creative Climate Resilience’ project (Photo- 
graph Jenna Ashton, 2021) 
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was characterised by intensive two-way dialogue between researchers and 
young creatives, facilitated via online development workshops and in- 
person rehearsals. Reflective journals kept by participants—including the 
academic researchers—chart the cognitive, bodily and emotional experi- 
ences of those involved in producing a piece of theatre that critiqued the 
barriers to climate action experienced by young people, and challenged 
collective expectations about young people’s experiences of the climate 
crisis. 


4 UNDERSTANDING COMMUNITY AND POLICY IMPACTS 


Demonstrating the value of arts and humanities approaches to do more 
than simply ‘window dress’ climate science required each of the teams 
to robustly and reflexively assess the effectiveness of arts and humanities- 
led engagement to drive climate resilience. This demand was addressed 
in three ways. First, each of the projects worked to ensure measures for 
assessing effectiveness were developed in relation to the needs and existing 
resources within communities, rather than imposed upon them, even 
though the precise measures of success used varied across the projects. 
In the case of ‘Creative Climate Resilience’, effectiveness was understood 
as a scale where outcomes were identified by and with the participants. 
For some participants, that meant empowering them to join the conversa- 
tion around climate action; for others it meant exploring how they could 
move from climate or political apathy to awareness and action. Effective- 
ness also included being able to provide new insights for decision-makers 
and developing new processes, content and storytelling that contributed 
to existing resilience activities and supported the community to thrive not 
just survive. These outcomes were then measured utilising an embedded 
process that identified the individual and organisational changes amongst 
those involved in the project, as well as the legacy projects that emerged 
from engaging in the research process. 

At the same time, the project teams recognised that persuading policy 
audiences of the value of arts-based engagement in driving climate 
action—and thereby increasing the uptake of these approaches—is facil- 
itated by being able to chart (and on occasion, quantify) our impacts. 
‘The Risky Cities’ team, for example, analysed audience feedback from 
its programme of community arts interventions including ‘FloodLights’ 
(Fig. 3), a series of multimedia, light and sound installations exploring 
Hull’s experiences of living with water past, present and future, which 


84 E. BROOKES ET AL. 


took place in Hull city centre in October 2021 and attracted an audi- 
ence of more than 11,000. Survey responses demonstrate that the event 
drove shifts in people’s thinking about living with water, flooding and 
climate change, with 64% of respondents reporting that the event made 
them think about climate futures, and a third reporting behavioural 
changes they planned to make in relation to this.? As the survey results 
make clear, place-based approaches—in particular, site-specific installa- 
tions that mobilised Hull’s watery histories and identities—were crucial 
in generating engagement and action towards climate resilience. 

Finally, the UKCR projects discussed here each made direct policy 
interventions. ‘Creative Climate Resilience’ centred their approach 
around the co-design of an open access toolkit for different interest 
groups to be able to undertake their own climate action planning. This 
was embedded across a wider spectrum of knowledge exchange with 
local authority actors—including neighbourhood teams, climate officers, 
elected members, community groups and scrutiny committees—that all 
fed into the local climate action plan. This was also a reflexive process, 
documenting policy engagement as the project progressed and sharing 
processes and findings. Similarly, ‘Risky Cities’ targeted a range of local 
and national policy audiences to shape best practice for resilience building 
through arts and humanities. This included hosting a climate resilience 
workshop for local stakeholders; developing a policy brief shared with 
MPs across Hull and the local council; contributing to flood risk policy 
(e.g. Hull City Council’s Local Flood Risk Management Strategy for 
2022-2028, POSTNOTE 647 on Coastal Management [11, 18, 19]; and 
tabled amendments to the Levelling Up Bill by Hull MP, Emma Hardy); 
and contributing to cultural policy (e.g. responses to the Department for 
Digital, Culture, Media and Sport inquiry on culture, place-making and 
the levelling up agenda) [20]. 


5 CONCLUSIONS 


In conclusion, we highlight three key learnings and two directions for 
future research and policy interventions and, in doing so, advocate for a 
specifically arts and humanities approach to climate resilience that centres 


2 Based on 457 survey responses. 
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Fig. 3 Audience members enjoying the Sinuous City installation, part of the 
FloodLights event in Hull (Photograph Briony McDonagh, 2021) 
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on people and their experiences and helps us to rethink what resilience 
means at the local, community scale. 

First, the projects collectively underline the significant potential of 
place-based, arts and humanities approaches—including those drawing 
on learning histories—to raise awareness, drive climate action and build 
climate resilience. These approaches make complex scientific ideas mean- 
ingful and big global narratives tangible at the local level, supporting 
people to understand what complex climate futures might mean for them. 
Second, we highlight the importance of generating genuine dialogue and 
co-creation, rather than one-way communication about climate futures. 
The projects here exemplify varying approaches and possibilities, but all 
sought to grant community stakeholders and policymakers the agency and 
urgency through which to act and inform future resilience building strate- 
gies. Third, all the projects stress the importance and the difficulties of 
assessing the ‘effectiveness’ of arts and humanities-led approaches. They 
push us to think about what successful engagement means, while also 
recognising that measurable outcomes—whether expressed qualitatively 
or quantitatively—are important in persuading others about the value of 
arts and humanities-led approaches for climate resilience. 

Relatedly, our research and policy engagements have also identified 
important knowledge gaps which must be addressed if the full impacts 
of arts and humanities-led climate interventions are to be realised. As 
all the UKCR arts and humanities-led projects show, future long-term 
resilience plans need to respond effectively to the local cultural and place- 
specific impacts of climate change. Working collectively to develop more 
integrated climate and arts policy is, therefore, imperative in supporting 
this. At the same time, current national cultural policy prioritises the 
economic value of arts and heritage events [21]. Future policy needs to 
go beyond this and recognise both intangible benefits of arts engagement 
and its importance for addressing climate concerns and building resilience 
[22]. We look forward to working collectively with policymakers, climate 
scientists, community stakeholders and other actors in embracing these 
challenges. 
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Abstract 


e Climate service delivery depends on the presence of positive enabling 
conditions within service providers, user organisations and the wider 
context in which the prototype is being developed (i.e. the political, 
economic, social, cultural or legal landscape). 

e User trust in a service output is critical; direct engagement through 
co-production can help build this trust, facilitated by managing 
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expectations and clearly communicating service scope and limita- 
tions. 

e The ambition to scale up climate services remains challenging, in part 
due to limitations within existing funding frameworks (particularly 
in relation to building relationships with new sectors), plus a lack of 
ongoing support for users. 


Keywords Climate services - Resilience - Adaptation - Co-development 


] INTRODUCTION 


Climate services aid the effective use of climate information by individuals, 
businesses, government and other organisations. They are increasingly 
used due to growing public and political awareness of the need to take 
action to adapt to climate change [1]. 

Global, regional and national efforts are under way to facilitate 
the development and uptake of climate services, such as the Global 
Framework for Climate Services (https://gfcs.wmo.int/), the Euro- 
pean Roadmap on Climate Services [2] and the UK Climate Resilience 
Programme (UKCR). 

This paper provides an overview of the projects UKCR delivered, 
touches on the challenges they faced and the successes experienced, and 
highlights lessons that have been learned along the way. 


2 OVERVIEW OF PROJECTS 


Fifteen climate services projects were commissioned through UKCR, 
with half focussed on prototyping and the other half on improving 
other aspects of climate service delivery (e.g. developing standards and 
approaches to valuing services). 

Prototypes were trialled in a range of contexts, exploring new research 
and new markets, as well as working with established users to address 
known challenges. A large proportion of the projects commissioned 
focused on providing climate information to the water sector (mature 
and heavily regulated), as well as the urban sector (emerging). 
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Table 1 provides an overview of the projects. Project outcomes (i.e. 
how the services are used) are more difficult to articulate due to the time 
lag between service delivery and impact, the inability of the user! to artic- 
ulate the impact, or an unwillingness/inability of the user to share this 
information. However, the expectation is that the outputs will be helpful 
to users in some way, such as informing policy development, changing 
management practices, raising awareness, or providing new guidance, 
workflows or evidence base. 


3 Key LEARNINGS 


To gather insights into the projects outlined in Table 1, we conducted 
one-hour, semi-structured interviews with representatives from each of 
the project teams (25 April-31 May 2022). We took notes, identifying key 
topics arising from the interviews. These topics were then compared and 
themes identified through discussion. Due to time constraints, we were 
not able to engage beyond service providers. While most project leads 
had a good understanding of their users, it would have been insightful 
to obtain a user voice directly. This might have highlighted issues with 
usability that were not fully appreciated by the service provider. 

Common themes emerged from our research, which we have cate- 
gorised as follows: enabling environment, user trust, and scalability. The 
key learnings relating to these three topics are discussed below. 


3.1 Enabling Environment 


This theme refers to the environment in which a prototype is being devel- 
oped — does it help or hinder the prototyping process? During our 
discussions, it became apparent that this is a critical aspect, which consists 
of (1) the provider organisation, (2) the user organisation and (3) the 
wider context (political, economic, social, cultural or legal) in which the 
prototype is being developed. This relationship is shown in Fig. 1. 


l Although we use a singular term ‘user’ we recognise that users are not a homogenous 
unit but rather represent a variety of types of organisations (from individuals to large 
companies), and that there exists considerable variation in knowledge and information 
needs within organisations themselves. User refers to both end users and intermediaries. 
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[USER 


Fig. 1 The enabling environment in which a prototype is being developed 
affects its development and delivery. Conditions within the provider organisa- 
tion, the user organisation and the wider context in which they operate all need 
to incentivise climate service delivery 


3.1.1 Provider Organisations 

The following key learnings emerged on how the focus, expertise and 
organisational structure of service providers affect climate service devel- 
opment: 


e Definition of success: Typical metrics of ‘success’ within many organ- 
isations (e.g. publications, sales, downloads) are not appropriate for 
incentivising climate services development. This is because they bear 
no relation to whether a service is used or even beneficial to the 
intended user. This disconnect made it difficult to understand the 
impact of a service on users and to monitor and evaluate success. 
Consideration is needed to define and measure success within service 
providers. 

e Skills: Many climate service providers have a background in research; 
therefore, staff are experienced in delivering peer-reviewed journal 
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articles, datasets and reports. However, staff may be less experi- 
enced in user engagement and service development; they, therefore, 
may have more limited knowledge regarding establishing user needs, 
communicating science and supplier capabilities, and delivering 
actionable services. As usability, usefulness and utility often drive the 
uptake and value of services, service providers would benefit from 
recognising and valuing the skills needed to facilitate these attributes. 
Similarly, the skillset required to co-develop with users tends to be 
under-appreciated in projects, yet critical for success. See Chapter 3 
for further details on the need for (and challenges of) co-developing 
climate services. 


3.1.2 User Organisations 

The following key learnings emerged on how aspects within the user 
organisation can influence service development. It should be noted that 
these were drawn from conversations with the project leads (not end 
users). 


e Relationship: The relationship between the service provider and the 
user organisation is an important element in service development 
[3]. Those we spoke with indicated that co-development tended 
to be more effective when a principal contact stayed in post and 
engaged throughout. Progress increased when the principal contact 
had the remit, time and willingness to engage with both the service 
provider and internally within the user organisation. Funding and 
project planning tends to focus on the climate service provider rather 
than the user; the time and effort required from the user organisa- 
tion is often overlooked, or resources are assumed (e.g. time, energy, 
knowledge, funding). 

e Sector: The nature of the sector is important. A highly compet- 
itive and more regulated market appears to result in users being 
more receptive to engaging with climate services. This was evident 
in the water sector, where users were willing to engage with UKCR 
projects—either for competitive advantage or for fear of being left 
behind. In a heavily regulated sector such as this, there is a clearer 
pathway to align climate service provision with existing regulation 
(see ‘Wider context’ section below). 
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3.1.3. Wider Context 

The following key learnings emerged on how the wider political, 
economic, social, cultural or legal context affects the ability of service 
providers and user organisations to engage with climate services. 


l. Funding landscape: Many of the funded projects were well defined 
from the start as they built on previous working relationships 
and projects. This is likely a direct result of the nature of the 
funding calls: limited funding and project duration meant successful 
proposals tended to have a clear scope and corresponding benefit. 
These external pressures disincentivise expansion into new users or 
sectors, as it takes time to develop relationships and understand end- 
user requirements. We recognise that funding bodies are required 
to demonstrate impact and therefore need to be confident that a 
project will deliver; but this pressure to achieve tangible impact 
within a limited timeframe appears to deter the development of 
services for new sectors. 

Similarly, many of the barriers to service provision partly stem 
from the approach used to commission the work, typically focussing 
on asking the service provider to consider what capability could be 
developed to meet a customer need rather than taking a genuinely 
user-centric approach. Also, the difficulty in so many projects artic- 
ulating outcomes may be a function of the commissioning process 
as documenting outcomes was not built into project design. Many 
side benefits (e.g. network/relationship development) were cited as 
outcomes but not recorded as part of the project documentation. 

2. Regulation: Regulation can drive action (see section on ‘User organ- 
isations’ above). This is because users are clear of the minimum 
requirement placed upon them, and service providers have a clear 
steer as to what information is required. By extension, regulatory 
requirements to undertake climate action could facilitate climate 
service uptake, whereby suppliers understand information need and 
users are provided with the remit to engage with suppliers. For 
example, reporting required as mandated by the Task Force on 
Climate-related Financial Disclosures (https://www.fsb-tcfd.org/) 
(TCFD) and the Climate Change Act 2008 provides a helpful 
enabling environment. 
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3.2 User Trust 


Projects employed a variety of approaches to build relationships with 
users. User trust in a service output is critical. Building relationships 
with users and involving them in service development are well-established 
approaches, as is clear communication about service scope and limitations, 
being careful not to over-sell current or future service provision. 

Many of the projects were built on pre-existing relationships, which 
meant that the co-development process could start swiftly. Interactions 
between service providers and users varied considerably, in terms of the 
platform (e.g. emails, WhatsApp, workshops, events, one-to-one meet- 
ings) and frequency (e.g. ad-hoc, weekly, quarterly). While the COVID- 
19 pandemic was cited as having a negative impact on engagement (e.g. 
staff shortages), there were also several positive reflections, such as greater 
familiarity with remote working and collaboration. 

The timing of user engagement also varied. Some advocated for 
engagement from project inception, while others saw value in developing 
a demonstrator before initiating engagement. In the case of the latter, 
the provider organisations had a good appreciation of user need, so were 
less likely to take a fundamentally wrong development path. However, 
while there are benefits to focussing discussions on a tangible product, 
it runs the risk of making incorrect assumptions about users’ needs or 
constraining their thinking. 


3.3 Scalability 


Developing new services is often best done in a focussed ‘bespoke’ way 
through engaging with a limited set of users. This is often followed by 
an aspiration to reach a wider audience by rolling out similar services to 
a wider set of users. This concept of delivering climate services at scale 
was raised in many of the interviews and represents a challenge within the 
climate service community [4]. 

While the ‘create once, use many’ approach might be cost-effective 
from a delivery perspective, evidence pointed to the following potential 
drawbacks: 


1. Evidence suggests that climate services created without significant 
user input are used less and potentially misused; therefore, ‘scaling’ 
may represent a false economy. 
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2. To enhance the usability of the climate services, it was reported that 
language used within the products should align with language used 
by users and outputs should align with existing metrics. 

3. In many cases, it was also reported that generic outputs are ineffec- 
tive; they fail to provide enough information for those seeking more 
technical detail, while also failing to be accessible for those seeking 
a more top-level summary. 


The interview insights raise questions about how to feasibly scale 
climate services, given the need for bespoke outputs. We reflect on the 
implications of this and other insights in the next section. 


4 IMPLICATIONS FOR FUTURE 
CLIMATE SERVICES LANDSCAPE 


The three key themes—enabling environment, user trust, scalability— 
emerging from our interviews are connected, as there is a clear link 
between the importance of the enabling environment in increasing user 
engagement and trust. In turn, both themes have implications for scala- 
bility, as bespoke services are more likely to be trusted and used. Based 
on our findings, we propose a series of recommendations on how to 
incentivise and scale up climate services. 


4.1 Incentivisation 


The following recommendations are characterised by stakeholder type. 


4.1.1 Service Providers 
Service providers should produce outputs that are useful and usable to 
end users. The following internal mechanisms can be used to facilitate 
this aim: (1) focus the underpinning scientific work on problems that 
users need to have addressed; and (2) recognise and reward the work 
required to make useful and usable climate services, as career paths for 
these individuals are not as defined as for climate scientists (i.e., publishing 
articles) or operational meteorologists (i.e., accreditation) (https://www. 
rmets.org/professional-development). 

For (1), lessons could be learnd from the private sector where the 
funding model is directly related to user satisfaction. For (2), greater 
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external professional recognition of the skills required to co-develop, 
deliver and support climate services (e.g. through chartership) would be 
beneficial. 


41.2 Users 
Users should implement ways to work across institutional silos and to 
embed climate adaptation and resilience into decision-making. There is 
a role for ‘knowledge translators’ in bridging silos within and between 
organisations, which is increasingly recognised in both the public and 
private sectors. 


4.1.3 Context (Regulators) 

Regulation, whether from government, industry bodies or international 
organisations, promotes user engagement with climate services. A key 
question is how to encourage the benefits of regulation into other 
sectors. Potential mechanisms include moving towards net zero, stress 
testing and resilience building, climate exposure reporting (i.e. TCFD) 
and expansion of the Climate Change Act 2008’s Adaptation Reporting 
Power (https://assets.publishing.service.gov.uk/government/uploads/ 
system /uploads /attachment_data/file/182636/report-faq-110126. 

pdf) to other organisations such as local authorities. 


4.2 Context (Funders) 


Through certain projects, UKCR intended to facilitate the co- 
development of climate services, building on climate research. Recom- 
mendations for future programmes of this nature would be to consider 
following a value stream approach that starts with the user. This 
would ensure a better linkage between the user and capability develop- 
ment, resulting in a clearer understanding of the overall impact of the 
programme. We see two priority areas for primary research: (1) devel- 
oping scientific approaches that provide robust evidence at the level of 
decision support required by users (see Chapter 8 for further discussion); 
and (2) focussing on systems, so that interdependencies between sectors 
and/or risks are captured. 
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4.3 Scaling up 


In this final section, we focus our recommendations on service providers 
and those within the wider context (note: users are not a key barrier in 
this regard). 


4.3.1 Service Providers 

Several projects published data, reports and code in the public domain. 
While this may seem a transparent and traditional way to share knowledge, 
there are potential problems, as existing users may not have the technical 
skills to use the information and new users may not know where to find 
it. A support system should be put in place to ensure that outputs are 
not misused, and feedback loops established to shape future development 
by providers. For services to endure in a meaningful way, it is necessary 
to consider the business model once the project completes and funding 
ends—as mandated by the UKSA International Partnership Programme 
(https: //www.spacefordevelopment.org/ipp/), for example. 


4.3.2 Context (Funders) 

There is a clear need to reach users across a wide range of sectors. 
However, it takes time to develop new relationships, to understand their 
needs and to develop the science and services to meet those needs. 
Current funding approaches tend to require certainty and demonstrable 
value for money at the proposal stage, whereas it would be helpful to 
have more of a staged approach to encourage working with new sectors. 
Directing funding towards the following activities would particularly help 
to progress service development: (1) improve our understanding of what 
happens with existing services, to learn how stakeholders use the services 
and how their needs evolve; (2) consider how existing work could be 
repurposed or extended to new use cases; and (3) take the next steps 
towards ‘operationalising’ services at scale. 


5 CONCLUSIONS 


UKCR made significant progress in furthering the use of climate services 
in the UK, by working with new user groups, creating new methodolo- 
gies to enhance climate service delivery, piloting products and developing 
guidance and resources to support climate service delivery. Barriers 
remain, however, notably surrounding the development and delivery of 


108 C. DOUGLAS AND M. HARRISON 


climate services. The effectiveness of this process depends on the enabling 
conditions—the actions of regulators, funders and government (the wider 
context) ultimately influence the actions of service providers and users. To 
progress climate services, attention should, therefore, focus on fostering 
the necessary enabling conditions in these groups. 
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Abstract 


e The definition of decision support tools in the context of climate 
change and adaptation is explored, highlighting the variation in 
approaches to design and form of tools. 

e Several challenges are identified that have impeded the successful 
development of decision support tools, including financial restric- 
tions, time constraints and meaningful stakeholder engagement. 
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e We highlight a number of potential areas for future research, 
including work to address the challenges of scaling up decision 
support tools and stronger frameworks for guiding stakeholder 
engagement. 


Keywords Decision support tools - Climate hazard - Adaptation - 
Stakeholder engagement 


] INTRODUCTION 


To minimise the risk from the impacts of climate change, both mitigation 
and adaptation strategies will be required, hence decision-makers—such 
as government departments, local councils and private businesses—are 
increasingly interested in potential options to reduce their exposure to 
climate-related risks. Key enabling tools here are decision support tools 
(DSTs). 

The UK Climate Resilience Programme (UKCR) funded several 
projects that focused on developing DSTs, where a DST allows users 
to derive critical information-such as climate hazard to subsequent 
risk—to make informed decisions. This could be a synthesis of large 
datasets (making data more digestible), or an interactive tool that displays 
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climate hazard information alongside associated impacts and mitigation/ 
adaptation options. DSTs take a multitude of forms, from integrated 
assessment frameworks to visualisation platforms. This paper will focus 
on the science-user interface and how information to inform decisions is 
presented. 

In broad terms, a DST can be defined as a tool or knowledge resource 
to support the decision making process, by facilitating a comparison of 
different climate futures or adaptation options [1, 2] or by enabling infor- 
mation awareness at spatial scales [3]. The way in which this is interpreted 
allows for the generation of non-uniform, heterogeneous tools, which 
have been designed for specific use cases and stakeholders. Consequently, 
the definition of DSTs varies among the climate resilience community, 
with different expectations among user communities. 

In what follows, we discuss some of the key findings with respect to 
the development of DSTs from across the UKCR programme, including 
challenges and gaps in understanding to inform future work. This chapter 
complements other chapters in this collection, including but (not limited 
to) chapters 11, 7 and 3. 


2 SURVEY AND REVIEW OF DECISION SUPPORT TOOLS 


A series of surveys and reviews of projects funded through the UKCR 
programme were conducted, focusing on projects where an output was 
regarded as a decision support tool. In total, nine structured interviews 
were conducted (each 30-60 minutes in length) with project leads. A 
summary of the DSTs and key stakeholders is provided in Table 1. 


2.1 Web-Based Interactive Tools 


At a local scale, the UKCR project ‘Catchment Erosion Resilience’ 
designed a pilot web-based interactive DST to illustrate changes in 
erosion risk within rivers under UKCP18 projected extreme rainfall 
events. Focusing on a single river, the pilot demonstrated the change in 
erosion risk to critical infrastructure, including roads, bridges, water and 
waste treatment structures and electricity transmission towers as well as 
agricultural land. Similarly, to assess future heat risk across a city, part two 
of the ‘Heat Service’ (Meeting Urban User Needs) project combined heat 
hazard information with socioeconomic data to develop a heat vulner- 
ability index (HVI) for Belfast and Hull. This was delivered to users 
through a web-based ArcGIS StoryMap, allowing users to interact with 
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Table 1 A summary of the projects interviewed for the survey of UKCR deci- 
sion support tools, including a description of each tool, the spatial scale it 
operates on and the stakeholders directly involved in its development 


Title of Decision support tool Platform Scale Key stakeholders 
project 
Climate Interactive website Interactive web tool National, Wide range of 
Risk allowing visualisation — (https: //uk-cri. with users, including 
Indicators of climate risk org/) varying Environment 

indicators across the reporting Agency and The 

UK at varying spatial spatial Wildlife Trusts 

scales and allowing scales 

download of data. 

Primary aim is to 

assist in raising 

awareness of potential 

climate changes 
Catchment Interactive visualisation Interactive web tool Local Water companies, 
Erosion of flood and erosion (pilot) (https: //are electricity 
Resilience risks, and associated oes-dst.liverpool.ac. transmission and 

economic damage to uk/EHRC/boo erosion control 

infrastructure, for tleaf-master3/ industry 

different rainfall events index_DST_F2.php? 

under UKCP18 map_no=9) 

climate change 

scenarios 
Risk Interactive web tool to Interactive web National Department for 
Assess- develop the capability  tool—R Shiny Education, 
ment to use climate data in (proposed) Ministry of Justice 
Frame- open-source risk 
works assessment framework 

software, to quantify 

future climate risk in 

the UK, explore 

adaptation option 

appraisals and assess 

sensitivities [4] 
Once Interactive web tool Interactive web tool Regional Climate Northern 
Upon a exploring changing (Northern Ireland Ireland, Dale 
Time temperatures for Rural Heat Map) Farm dairy 


different climate 
scenarios 


(https: //akares 
earch.shinyapps.io/ 
ruralheat/) 


cooperative and 
Ulster Farmers’ 
Union 


(continued) 


8 WHAT INSIGHTS CAN THE PROGRAMME SHARE ... 


115 


Table 1 (continued) 
Title of Decision support tool Platform Scale Key stakeholders 
project 
CoastalRes Prototype methods to Result datasets, Varying Environment 
assess coastal resilience reports, interactive spatial Agency and 
to erosion and educational web scales maritime local 
flooding under climate tool (https://coasta authorities who 
change scenarios at lresilience.uk/crm/) manage coastal 
local to national flood and erosion 
(England) scales [5] hazards in 
England, plus 
other stakeholders 
interested in 
shoreline 
management 
planning (e.g. 
Natural England) 
OpenCLIM An integrated cross- Result datasets, National Department for 


sectoral assessment 
tool for climate 
impacts and adaptation 
options, including 
hazards such as heat, 
flooding and water 
supply, and impacts on 
people, property, 
agriculture and 
biodiversity to support 
national climate risk 
assessment as 
exemplified by the 
UR’s third Climate 
Change Risk 
Assessment (CCRA3). 
The tool is critically 
underpinned by an 
open modelling 
framework which 
allows for production 
of new results and 
updating of workflows 
and models 


modelling 
framework, 
interactive web tool 
(proposed) 


Environment, 
Food and Rural 
Affairs (Defra), 
Climate Change 
Committee (CCC) 
Environment 
Agency, Climate 
Ready Clyde, 
Natural England, 
Norfolk Broads 
National Park 
Authority and 
many more 


(continued) 
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Table 1 (continued) 

Title of Decision support tool Platform Scale Key stakeholders 

project 

Coastal Part one—A globally Part Part Environment 

Climate relocatable tool to one—Python-based one: Agency, Scottish 

Services provide regional tool! (will be made Local Environment 
sea-level projections accessible on Part Protection 
rooted in the Coupled completion of the two: Agency, National 
Model UKCR programme) National Resources Wales, 
Intercomparison Part two—Result Department for 


Project Phase 5 
(CMIP5) model 
simulations and Monte 
Carlo approach, for 
the future emissions 
scenarios used in the 
Intergovernmental 
Panel on Climate 
Change’s 5th 
Assessment Report 
(IPCC ARS). These 
are based on 
Representative 
Concentration 
Pathways (RCPs) [6, 
7] 


Part two—A dataset of 


projected future still 
water Return Levels 
(RLs) at 2km spacing 
around the UK 
coastline, for the 
future emissions 
scenarios used in the 
IPCC AR5 and based 
on RCPs 


dataset in GIS 
format (https://uke 
limateprojectionsui. 
metoffice.gov.uk/ 
products/form/ 
MS4_ESL_Subset_ 
Ol and https://uke 
limateprojectionsui. 
metoffice.gov.uk/ 
products/form/ 
MS4_ESL_Subset_ 
02) 


Infrastructure 
Rivers (Northern 
Ireland), flood risk 
practitioners and 
Institution of 
Mechanical 
Engineers 


l Stored as a GitHub repository of Python code. 


(continued) 
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Table 1 (continued) 
Title of Decision support tool Platform Scale Key stakeholders 
project 
Meeting Fact sheets and Infographics, PDF National Local and city 
Urban infographics that use fact sheets councils 
User probabilistic 
Needs projections from UK 
(City Climate Projections 
Packs) alongside other 

information to help 

inform decision-makers 

about their climate 

risks 
Meeting Part one—A set of Infographics, PDF National Local and city 
Urban factsheets building fact sheets, GIS councils, 
User understanding of heat layers, GIS emergency 
Needs hazards and impacts in StoryMap planning groups 
(Heat cities 
Service) Part two—Heat 

vulnerability index 

combining climate, 

socioeconomic and 

built environment data 

to assess future heat 

risk across the city 
Bristol Heat Vulnerability Interactive web tool Local Bristol City 
Heat Index to explore (https://bcc.maps. Council 
Resilience? where heatwaves could arcgis.com/apps/ins 


have the biggest 
impact and a Heat 
Resilience Plan to 
support the 
development of green 
infrastructure strategies 


tant/portfolio/ 
index. html?appid= 
986e3531099f48d 
393052fab9 | ceff51) 


the HVI maps. The tool allows for a narrative to be built around the data 
and generates maps to aid understanding. 

Web tools at larger spatial scales have also been developed; the project 
‘Once Upon a Time’ has enabled users in Northern Ireland to examine 
likely changes in temperature—and therefore temperature extremes—as 
shown in Fig. 1. This tool was designed in conjunction with Climate 


2 The Bristol Heat Resilience project has been included in the table for information 
but was not part of the nine interviews undertaken for this paper. 
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Northern Ireland and others (e.g. agricultural associations) so that more 
informed decisions can be made. 


Select global warming level 


Recent past ~ 


Global warming levels are relative to pre-industrial temperatures. 


Select day or night time Or choose pre-defined threshold based on 
temperature Met Office Belfast Heat Pack 
Day time maximum v 
Set moderate Met Office threshold 
Temperature threshold Set high Met Office threshold 
10 [15] 3% 
Set night time Met Office threshold 
ET I T a a 


10 12 14 0% 1% 20 22 usay 


$4.8°N- 


s40°N- 


S4.4°N- 


S42°N- 


54.0°N- 


Temperate cc) 


10 15 20 25 30 


Fig. 1 From the UKCR project ‘Once Upon a Time’, an example of an inter- 
active DST, which allows users to explore the changes in temperature rise across 
Northern Ireland over time (Source https://akaresearch.shinyapps.io/ruralheat/) 
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Finally, ‘Climate Risk Indicators’ developed a web-based interactive 
DST to provide information on climate risk indicators across the UK 
at spatial scales ranging from local to national. The indicators cover a 
range of sectors and are calculated from the latest UK Climate Projections 
(UKCP18). 


2.2 Infographics and Climate Hazard Information 


The ‘City Packs’ (Meeting Urban User Needs) project used the UKCP 
probabilistic projections to create static fact sheets, using infographics, 
to raise awareness of the headline messages on climate hazards (such as 
temperature, rainfall and sea-level rise) likely to affect the given city or 
region. They were co-developed with relevant authorities to explain the 
science and the results in a simple, easy to understand format that could 
be easily distributed. 

Based on this success, part one of the ‘Heat Service’ (Meeting Urban 
User Needs) project also developed a set of factsheets focusing on heat 
hazards and associated impacts in cities, to support local and city coun- 
cils in their decision making around climate change adaptation and to 
inform planning for future heat events (see example in Fig. 2). Although 
not interactive, they are highly visual and meet users’ needs by providing 
information on climate specific themes in an accessible and policy-relevant 
manner. 


2.3 Data Outputs 


‘OpenCLIM’ developed a large set of data outputs, covering a range 
of climate hazards and associated impacts, such as heatwaves, drought 
and flooding, providing a large resource for information-driven decision 
making. Additionally, the modelling framework is open and usable for 
stakeholders, given appropriate training. The output data will allow users 
to explore these varied hazards and the effects of different adaptation 
scenarios. 

The dataset compiled in part two of the project ‘Coastal Climate 
Services’ allows users to explore and download larger datasets of extreme 
water levels to derive their own understandings of risk, as well as the 
potential implications of different policy or planning decisions (where 
applicable data is available). Similarly, the underlying data and spatial 
outputs in ‘Climate Risk Indicators’, and the shapefiles produced for the 
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heat mapping element of ‘Heat Service’ (Meeting Urban User Needs) are 
available for users to download and integrate into internal GIS systems 
or other software. These approaches allow users to explore the datasets 
in detail but require an in-depth scientific knowledge for successful 
application. 


3 DEVELOPMENT OF DECISION SUPPORT TOOLS 


Developing DSTs requires a level of stakeholder engagement or co- 
production if they are to be successful [8]. Decision support tool devel- 
opment varied across the UKCR projects, with approaches falling into 
two broad categories: (1) science-led, where the tool was initially devel- 
oped prior to engaging with stakeholders to create a bespoke version; 
and (2) user-led, where stakeholders were engaged from the outset and 
at predefined intervals throughout the development process. 

The ‘Risk Assessment Frameworks’ project initially developed the 
DST as a natural next step in the climate risk assessment framework, 
using the quantified risk to compare adaptation options. Discussions with 
stakeholders subsequently helped shape the framework beyond a simple 
cost-benefit analysis tool, to incorporate analyses such as how much a 
given adaptation action meets organisational objectives. Similarly, ‘Cli- 
mate Risk Indicators’ produced a web platform primarily to disseminate 
project results, with its form and functionality informed by discussions 
with stakeholders. ‘Coastal Climate Services’ developed its sea-level tool 
informed by published literature, with a view to improving its capability 
and usability following a user engagement workshop (October 2022). 

In contrast, the ‘City Packs’ and ‘Heat Service’ (Meeting Urban User 
Needs) discussed the overarching aims and the objectives of the project 
through larger workshops and smaller meetings, plus follow-up ques- 
tionnaires. Furthermore, the ‘OpenCLIM’ project ran workshops both 
on a regional and per-sector basis to establish stakeholder needs across 
different groups, from administrative area policymakers to sector experts, 
through online interactive discussion sessions. 

Both science- and user-led approaches to DST development can 
be successful, leading to purposeful engagement with and uptake of 
tools. The main advantage of science-led DSTs is that the climate change 
information is scientifically traceable and robust; however, they do not 
always filter through to local impacts, possible adaptation options or deci- 
sion making. The perceived level of success of a DST will depend on 
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what the user need is. For example, if a user requires spatial hazard 
information for their own impact models such as that provided in the 
‘Coastal Climate Services’ project then this approach can be considered 
successful; however, if they require additional adaptation information then 
this approach may not meet the user demand. 

A user-led approach has the advantage that the resulting DST is under- 
standable and appropriate for the decision in question, thereby increasing 
the likelihood of stakeholder uptake. However, the level of scientific 
rigour can sometimes be called into question when aspects are tailored to 
suit the user requirements rather than the science. Furthermore, there are 
issues with workshops which tend towards a broad audience, with a wide 
range of conflicting thoughts, ideas and interests and so diluting potential 
learning and beneficial outcomes. Much of the research across the UKCR 
programme highlights the benefits of co-production over consultation in 
this regard. 


4 USABILITY OF DECISION SUPPORT TOOLS 


DSTs have maximum impact and effectiveness when designed in collabo- 
ration with stakeholders [9, 10], specifically when they are demand-driven 
rather than science-driven [11], though the design of interactions with 
stakeholders must be considered otherwise DSTs can still prove to be 
ineffective [3, 12, 13]. Many of the UKCR-derived tools have been devel- 
oped through engagement with stakeholders to ensure the DST meets 
their needs and can inform decision making processes. These tools have 
been developed in collaboration with groups such as interested local 
authorities (‘City Packs’), government departments (‘Climate Risk Indica- 
tors’, ‘Coastal Climate Services’) and industry associations (‘Once Upon 
a Time’). 

An important aspect of usability is fitness for purpose of the DST. For 
example, the ‘Coastal Climate Services’ project provides regional sea-level 
projections, which could help inform investment strategies based on the 
comparative risk to different regions. However, the information would 
not be sufficient for making infrastructure development plans, because 
additional site-specific information would be required to complete a 
detailed risk assessment, using for example a hydrodynamic model. 

The success of DSTs in the context of the UKCR programme can 
be measured via their continued use, plus their influence on the devel- 
opment of new or existing climate change policies. Reporting of this 
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nature is weak or hard to identify, however. Within the time frame of 
the UKCR programme, success of DSTs is difficult to measure because 
many of the projects have only recently been completed. A longer-term 
assessment, which records evidence from stakeholders where tools have 
directly influenced policy changes, would allow for more useful evalua- 
tion. Certainly, there are several examples where this is anticipated, such 
as the ‘Heat Service’ (Meeting Urban User Needs) project, which will 
be used to update severe weather plans for heat risk in Belfast, as well as 
the city’s climate change risk assessment. Further evidence can be gath- 
ered from emerging follow-on projects; for example, ‘Catchment Erosion 
Resilience’ produced a pilot tool for examining future river erosion 
impacts, which has led to other projects with infrastructure providers (e.g. 
Welsh Water and the National Grid). 


5 BARRIERS IN DECISION 
SUPPORT TOOL DEVELOPMENT 


Several difficulties have arisen in the UKCR programme for those projects 
developing DSTs, commonly with respect to user engagement. Firstly, 
knowing who to approach within potential stakeholder organisations or 
groups to initialise engagement. Secondly, knowing which method of 
user engagement is appropriate for the desired outcome (large work- 
shops can garner initial interest, while smaller, more targeted meetings are 
beneficial when refining the final product). Finally, knowing how to main- 
tain purposeful engagement and manage expectations. To some extent, 
involving the right users begins to address this, although the relation- 
ship needs to be carefully managed to avoid stakeholder fatigue. The 
recent increase in the use of technology for virtual meetings has made 
engagement easier, but a balance needs to be maintained between user 
and developer expectations. Clear frameworks around managing expecta- 
tions and engagement methods need to be made apparent from the outset 
of the process to ensure all parties benefit from the engagement, and no 
one party is left disappointed or frustrated. 

Another recognised issue for DSTs is securing legacy access for stake- 
holders through online portals. Given the amount of resource invested in 
the development of these useful and usable tools, ensuring DSTs remain 
available beyond the funding window is especially important. Similarly, 
ongoing web support and updates are often not possible and knowledge 
loss may occur when the original project team moves on. This remains a 
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widespread issue affecting how tools remain available and supported for 
users. Overcoming this is a particular challenge but could be limited in 
some instances through extensive and detailed levels of co-production, or 
by ensuring some degree of handover of developed tools to others who 
are interested in their long-term availability—such as partners or larger 
central bodies who may have more flexible resources and may want to 
ensure invested resources, knowledge and technical advancement is not 
lost from the domain. 


6 CONCLUSIONS 


Several key insights have been learned with respect to DSTs across the 
UKCR projects. Firstly, DSTs vary in form, based on factors such as the 
‘decision’ they were intended to address, the resources available and the 
amount of stakeholder engagement. They can be information only or a 
more complex interactive tool. Secondly, user engagement is often a chal- 
lenge, despite the pivotal role it plays in DST design. Throughout the 
UKCR programme, user engagement for the development of DSTs has 
taken various forms, from targeted meetings to large workshops. Ensuring 
a suitable and diverse mix of stakeholders is crucial (see chapter 3 for 
further discussion on co-production and user engagement). 

Further, DSTs can be science- or research-led, although fundamen- 
tally are dependent on the available science and thus data. Conveying 
the science is ultimately the role of a DST, although time and rigour is 
required from a science perspective to achieve this, which is not always 
fully recognised by stakeholders in the early stages of DST development. 
Lastly, key barriers to developing DSTs remain, namely funding, skills and 
legacy planning. Developing effective DST tools requires expertise across 
the science, usability and visualisation domains, yet few projects have the 
available resources or skills to do so. Ensuring legacy is an enduring issue. 

Along with these insights, we suggest a number of areas of further 
research to help address key areas of understanding which could be 
improved in the context of DSTs and climate resilience. As discussed 
throughout, stakeholder engagement remains a challenge and the devel- 
opment of frameworks which can support this critical activity are essential 
to smooth this process for researchers, developers and stakeholders alike. 
These frameworks should consider many elements of the development 
process, but a further recognised gap that may aid this process is the 
potential for more consistent visualisation methods for climate-based 


8 WHAT INSIGHTS CAN THE PROGRAMME SHARE ... 125 


DSTs and in particular visualisations of uncertainties in data. Forming 
a common platform, or set of methods, such as for the visualisation 
of uncertainty common in climate-based modelling, may reduce time 
required for stakeholders to understand datasets and thus maximise the 
time that can be focused on other elements of DSTs and engagement. 
While some work has been done in this area (e.g. UKCR-funded studies 
[14, 15]), none of the DSTs reviewed here incorporated existing best 
practice or consulted visualisation experts to help convey the uncertain- 
ties. 

Upscaling regional- or city-scale DSTs poses several challenges: from 
the underlying data potentially being limited geographically, whether due 
to licensing or because of the devolved management of datasets in the 
UK (e.g. ‘OpenCLIM?’); to the increasing data volumes becoming an 
issue for storage and processing methods; to analysis models being specific 
to an area (e.g. ‘City Packs’). Some UKCR-funded work on addressing 
the challenges of upscaling has been undertaken through the project 
‘Upscaling Climate Service Pilots’ (see chapter 7), though further work to 
gauge success regarding DSTs is required. Finally, throughout this review, 
being able to quantify the success of DSTs has been a consistent challenge 
given the various forms of tools, intended use and the diversity of stake- 
holders. The development of approaches to better capture the success and 
failures of current DSTs would enable future projects to learn from this 
and subsequently implement changes in their user engagement process 
and development of such tools. 
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Abstract 


e This chapter describes new methods and datasets, developed through 
UK Climate Resilience Programme (UKCR) projects, to better 
understand climate hazards. 
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e We describe projections of hazards using new tools and provide 
examples of applications for decision-making. 

e Going forward, this new physical and statistical understanding 
should be incorporated into climate risk assessments. 


Keywords Climate hazards - Flood - Extreme weather - High-resolution 
modelling - Statistical methods for extremes 


] INTRODUCTION 


To improve resilience in response to climate change, it is vital to have 
the best possible understanding of weather and climate hazards facing the 
UK both now and in future. The latest IPCC report [1] used the concept 
of ‘climate impact-drivers’ (CID), which are particular climate states that 
may or may not lead to hazards and subsequent impacts, depending on 
the global location [2]. This is only one part of the consideration of 
impacts, since the vulnerability and exposure also need to be considered. 
Here, we specifically consider a subset of CID that are expected to have 
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negative impacts on the UK namely key hazards of extreme precipita- 
tion, high winds and heat extremes. Through the work of the UKCR 
programme, the data and methods used to identify and characterise 
these hazards—such as physical and statistical models—have advanced 
significantly. Researchers now have a better physical understanding of rele- 
vant hazards (e.g. how extreme rainfall interacts with different weather 
systems), which will underpin projections of the three key hazards in 
the UK. These new insights also enable researchers to better distil 
and communicate climate information (and associated uncertainties) to 
decision-makers. 

In this chapter, we will discuss each of these aspects and provide a list 
of datasets and tools described (see Table 1). For further detail on how 
hazard information has been translated into decision-relevant knowledge, 
please refer to Chaps. 10 and 11. 


2 ADVANCES IN HAZARD DATA 


Numerical climate models, which simulate future weather based on our 
knowledge of the physics of the climate system, are used to simulate 
future hazards in the UK. Two simulations of the UK Climate Projec- 
tions (UKCP18), which allow a detailed investigation of the UK and 
Europe, were used in several UKCR projects: UKCP Regional projections 
(12 km resolution) and UKCP Local projections (2.2 km resolution). 
Studies found that the local simulations are superior to the regional simu- 
lations, when compared with observational datasets for certain variables 
[12]. For example, the effects of conurbations on extreme temperatures 
in the present climate are found to be more realistically simulated for 
UKCP Local compared with UKCP Regional [13], and the representa- 
tion of seasonal mean as well as short duration heavy rainfall events is also 
better [12]. Further, estimates of future river flooding using the DECI- 
PHeR hydrological model for two benchmark catchments (Rivers Thet 
and Dyfi) differ considerably between UKCP Local and UKCP Regional 
[14], implying that high-resolution space-time varying precipitation fields 
are important in flood risk analysis. 

To complement the UKCP18 data, the project ‘ExSamples’ [11] has 
provided a large and rich set of extreme winter scenarios for the late 
twenty-first century, using an atmosphere-only model at 60km resolution, 
run on distributed computing via https://www.climateprediction.net 
for climateprediction.net. The atmosphere is forced with prescribed sea 
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Table 1 The table provides UKCR outputs relating to hazards, as described in 
this chapter: tools and code (blue); websites for data exploration (yellow); and 
datasets (green) 


Project Product Resources 

STORMY- Front Ref: Sansom and Catto [3] 

EE Neen Webpage: https://github.com/phil-sansom/front_id 
code 

FUTURE- RED-UP Rainfall Ref: Dale [4] 


PRANCE an https://ukwir.org/How -do-we-achieve-zero-uncontrolled-discharges- 


from-sewers-by-2050#case-studies 


Improving HOTdays tool Ref: Brown [5] 
ame Contact: simon.brown@ metoffice.gov.uk 
Hazard 
Information 
Stochastic Stochastic Contact: hayley.fowler @ newcastle.ac.uk 
Simulation weather 
generator 
SEARCH Risk of compound | Ref: Lyddon et al. [6] 
flooding map Webpage: https://www.researchgate.net/publication/363166162_ 
Historic_Spatial_Patterns_of_Storm-Driven_Compound_Events_in_UK_ 
Estuaries 
EuroCORDEX | Data explorer Webpage: https://github-pages.ucl.ac.uk/UKCOR DEX-plot-explorer/ 
-UK webpage 
Multiple Case studies of Ref: Garry et al. [7] 
Hazards agricultural 
compound 
hazards 
STORMY- Storm type Ref: Catto et al. (in prep) [8] 


EATR dataset Contact: j.catto@exeter.ac.uk 


FUTURE- Design rainfall Ref: Chan et al. (under review) [9] 


DRAINAGE fogd Wallis Webpage: https://artefacts.ceda.ac.uk/badc_datadocs/future-drainage/ 


FUTURE_DRAINAGE_Guidance_for_applying_rainfall_uplifts.pdf 


Improving Return levels at Ref: Shooter and Brown (under review) [10] 
Climate high resolution 

Hazard 

Information 

ExSamples Extreme winter Ref: Leach et al. [11] 


scenarios 
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surface temperatures (SSTs) from unusually warm (Fig. 1) or wet future 
winters, allowing robust sampling of extreme atmospheric states. This 
information is potentially suited to informing adaptation planning and 
decision-making—including high risk scenarios that have impacts across 
multiple sectors and regions of the UK,—such as infrastructure damage. 
Aspirations for future work in this area include using higher resolution 
models and potentially converting these samples into a product for use in 
UKCP. 

Hydrodynamic modelling is required to translate multiple meteorolog- 
ical hazards, such as extreme high sea levels and rainfall, into a compound 
flooding hazard. The ‘SEARCH?’ project has developed 20-50m scale 


UKCP 2061-2080 

GEV fit median 

GEV fit 0.1-99.9% 
==: HOT1 member cOqu 

HOT1 ensemble 


UK DJF max tasmax anomaly / °C 


10° 10' 10? 10° 104 10° 108 
return period / yrs 


Fig. 1 Return period diagram (From Leach et al. [11]) showing the return 
period of UK DJF maximum surface temperature anomaly from the UKCP 
ensemble from 2061-2080. The black curve shows the median of the generalised 
extreme value (GEV) model fit and the dotted lines show the 0.1-99.9% confi- 
dence interval on the GEV fit. The thin orange lines on the left show the UK DJF 
maximum surface temperature anomalies from the ExSamples ensemble. This 
figure demonstrates that using the relatively low-resolution model in this study, 
forced with the SSTs from an extreme hot winter, produces even larger anomalies 
than the UKCP ensemble. Reproduced according to the CC-BY licence 
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digital elevation models (that include flood defence heights) for 12 UK 
estuaries, which are used to parameterise flood inundation models in 
the landscape evolution model CAESAR-Lisflood. These models have 
demonstrated that sub-daily river discharge and sea level data are required 
to understand flood risk in UK estuaries [6, 15, 16] and have established 
local-scale thresholds for the drivers of flooding. Historical compound 
flooding across 126 estuaries of Britain was investigated [6] at sub-daily 
scale to isolate catchments that are currently most vulnerable to storm- 
driven compound events, such as many of the steep catchments on the 
west coast of Britain. These tools, together with future projections of 
extreme rainfall and sea level variability, have been used to determine the 
future compound flooding hazard for UK catchments and will be available 
as a risk map. 

Physical modelling of climate hazards requires significant computing 
resource, whereas statistical modelling offers a potentially less expen- 
sive alternative, as explored through the UKCR embedded researcher 
‘Stochastic Simulation’ project and the (non-UKCR) ‘FUTURE- 
STORMS’ project. This has improved accessibility, openness and usability 
of a well-established spatio-temporal stochastic weather generator, 
including extreme value modelling of rainfall improvements. Function- 
ality has also been improved, making it easier for users to run the weather 
generator with climate perturbations from UKCP18—and helping to 
overcome barriers to use, thereby allowing a wider range of users to 
conduct their own simulations for bespoke future hazard characterisation. 

A new approach (and dataset) has been developed that allows user- 
specified heatwave definitions, including day of year and degree of global 
warming [5]. This allows for the precise characterisation of the severity, 
duration and frequency of heatwaves for any date and time of year and 
estimates the probability of heatwaves that are more extreme than any 
observed or simulated in climate models. 


3 ADVANCES IN METHODS 
FOR CHARACTERISING HAZARDS 


The accurate characterisation of a hazard is necessary for rigorous risk esti- 
mates and appropriate adaptation, but by construction is very difficult due 
to the rarity of very extreme events. Therefore, robust statistical methods, 
that make the best use of all available data, are required. A new approach 
to estimating extreme properties involved pooling data from multiple 
sites to aid extremal inference at a given location, without losing spatial 
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detail and differences between sites [17, 18]. Using a ‘generalised additive 
model’ framework, extreme value distributions are fitted to observations 
from the UK station network—together with smooth covariates that are 
functions of elevation, latitude and longitude—to produce extreme value 
distributions for the whole of the UK at a resolution of 1km. Values for 
daily precipitation [10] and annual wind gusts were produced at 10, 50 
and 100-year return levels. These are available online. 

The UKCR project ‘Multiple Hazards’ has also used generalised addi- 
tive models to build robust event sets from UKCP18 data, to help 
quantify probabilities of both uni-variate and multi-variate extreme events 
occurring by creating larger datasets with the same spatial and temporal 
statistical properties [19]. The project has also identified how multi- 
variate climate hazards may impact UK agriculture [7], helping the 
farming sector understand its adaptation needs. Further research by the 
project considers UKCP18 model biases in multi-variate relationships 
[20]. For example, at a given location, when the model tends to be 
warmer than observed, does it also tend to be too dry or too wet? [20] 
These interrogations are crucial to understanding uncertainties in current 
model projections of multi-variate climate hazard and risk, as well the 
development of future model simulations. 

The UKCR project ‘STORMY-WEATHER’ has developed an objec- 
tive front identification method that is scalable so that it can be applied 
to the ERA5 dataset, as well as other high-resolution datasets [3]. A 
dataset of storm types (combinations of cyclones, fronts and thunder- 
storms) [8, 21, 22] has been produced for ERA5, which allows hazards 
(e.g. extreme precipitation and winds) and their co-occurring events to 
be characterised as associated with particular weather systems. Future 
changes in the hazards can then be determined based on changes in the 
frequency or characteristics of the storm types, enabling an analysis of 
plausible worst-case storms for the future. 


4 IMPROVED PHYSICAL UNDERSTANDING OF HAZARDS 


By making use of new datasets and characterisation of hazards, the phys- 
ical understanding of these hazards in the present climate can be refined, 
thereby improving confidence in future projections. UKCR projects 
explored the urban influence on changes in local weather extremes 
through UKCP Local and Regional simulations. The local model repro- 
duced the night-time heat island effect more accurately than the regional 
model due to improved land-surface and urban representation. The two 
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models give different future projections of the urban heat island effect, 
with very little change projected by the local model [13] associated with 
differences in the land-surface model and the influence of soil moisture. 
These results have implications for urban planning and public health. 

For flood hazard estimation, hydrological models have typically used 
input from regional scale models. The UKCP Local simulation data used 
in catchment scale models indicate larger increases (or smaller decreases) 
in future peak river flow than previously found in some catchments. 
Further, a pilot study for Bristol looking at pluvial flooding using the 
LISFLOOD hydrodynamic model [14] shows that future changes in 
flood hazard are very different when the model is driven by UKCP Local 
data compared with precipitation ‘uplifts’. This shows the importance of 
fully capturing changes in space/time rainfall variability and how it inter- 
acts with the landscape and demonstrates the need for a national scale 
follow-on study. 


5 FUTURE HAZARDS 


The UKCP Local projections, providing 12 high-resolution convection- 
permitting simulations of the future, were used as part of the UKCR 
project ‘FUTURE-DRAINAGF’ to develop UK-wide rainfall intensity 
uplifts [9]. These uplifts were applied to ‘design rainfall’ at particular 
return periods (e.g. a one in 50 year event), which is used as the 
industry standard for all UK flood risk studies and assessments. Through 
the project, quantitative uncertainty estimates of these uplifts have been 
provided for the first time; they have already been used by the Environ- 
ment Agency and the Scottish Environment Protection Agency to develop 
peak rainfall climate change allowances, used for designing and evaluating 
flood risk management options. The uplifts are also being used by UK 
water and sewerage companies to help manage and avoid current and 
future sewer flooding [4]. The UKCP Local projections were also used 
to develop new time series rainfall projections at very high temporal reso- 
lutions (sub-five-minute) for the UK water industry, to better understand 
and manage impacts on pollution spills from sewer networks [4]. 

The UKCR project ‘Improving Climate Hazard Information’ found 
that, over the past 100 years, extreme precipitation events during autumn 
increased in frequency by 60% [23] and are expected to increase even 
more in future [24]. Mean autumn rainfall is expected to decrease in 
future, due to an increase in dry summer-type weather patterns and 
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fewer wet winter-type patterns, based on the latest Coupled Model Inter- 
comparison Project (CMIP6) models and UKCP climate projections 
[25]. Complementing this research, the ‘FUTURE-STORMS?’ project 
also found that summer and autumn precipitation is heavily influenced 
by organised convective systems on scales of up to 50km, and the contri- 
bution of these systems to heavy precipitation is projected to at least 
double in future [26]. This results in an unequal distribution of heavy 
precipitation events in time and space. Projections show a 14-fold increase 
in slow-moving convective storms, with the potential for high precipita- 
tion accumulations over land across Europe by 2100 [27]. These results 
indicate a simultaneous increase in risk from both flood and drought. 

Using the UKCP18 ensemble, the UKCR project ‘STORMY- 
WEATHER’ predicted significant future increases in the frequency of 
extreme windstorms over the UK; one in 20-year storms in the 1990s 
could occur once every 10 years by the 2070s under a high emissions 
scenario [28]. This is consistent with the projected increase in intensity of 
the strongest storms found using CMIP6 models [29], and the projected 
increase in the occurrence of sting jets found using convection-permitting 
climate models (CPM) [30]. In terms of climate hazards, these wind- 
storms pose the greatest risk to electricity distribution networks in the UK 
and are a significant cause of insured losses in the sector. Communication 
with relevant stakeholders on the characterisation of hazards is ongoing, 
via the following projects: ‘Climate services for a Net Zero resilient world’ 
(CS-NOW) funded by the Department for Business, Energy and Indus- 
trial Strategy (BEIS) (https://www.gov.uk/government/organisations / 
department-for-business-energy-and-industrial-strategy); and ‘Assessment 
of climate change event likelihood embedded in risk assessment targeting 
electricity distribution’ (ACCELERATED) funded by Western Power 
Distribution (now National Grid). Knowledge of the precursors of sting 
jets has also been used to provide a new forecasting tool at the Met Office, 
which has already been useful for producing timely weather warnings 
[31]. 

The UKCP simulations were further used in the UKCR project ‘Mul- 
tiple Hazards’, which looked at how compound hazards may affect the 
UK agricultural sector, such as the increase in hot dry summers like that 
of 2018 [7]. When high temperatures couple with high humidity, the 
risk of heat stress in livestock and blight in potato crops increases; for 
example, there may be a tenfold increase in the number of days of dairy 
cattle heat stress in the next 50 years in the South West of England [7]. 
These results were communicated to industry partners and fed into the 
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United Kingdom Food Security Report, published by the Department for 
Environment, Food and Rural Affairs (Defra) in December 2021. 


6 DISTILLING CLIMATE INFORMATION 


The advancements in our understanding and projection of climate hazards 
achieved by the UKCR programme are of significant value to the produc- 
tion of user information on climate risk. To understand the impact of 
climate hazards on UK communities, we must consider how to quan- 
tify uncertainties around the fidelity of models, the use of different 
models, bias adjustment and projections with different warming levels. 
For example, in the UKCR ‘Risk Assessment Frameworks’ project, heat- 
stress risk was estimated using an open-source risk assessment framework 
(CLIMADA) and temperature and humidity data from multiple data 
sources. Part of the uncertainty associated with risk can be attributed 
to hazard information, highlighting the need to further understand the 
hazards and how best to bias-correct in the data sources, as well as having 
improved observations against which to evaluate the data sources [32]. 
Understanding these biases is also key for the multi-variate relationships 
between heat and humidity used to estimate risk to agriculture and other 
sectors [7]. Developing an uncertainty budget for risk (a function of 
hazard, exposure and vulnerability) that includes such nuances would be 
valuable for decision-making. 

According to findings from the ‘EuroCORDEX-UK’ project, the 
uncertainty described above is associated with the different levels of 
warming seen in different model projections. While the UKCP18 and 
EuroCORDEX ensembles display similar biases in surface air tempera- 
ture over the UK in the present day, they project very different levels 
of warming after this, resulting in corresponding differences in hazards 
such as heat, drought and extreme precipitation. Further understanding 
of the rates of warming in the simulations—or associating impacts to 
global warming levels rather than timescales—would help to constrain 
these projections. 


7 CONCLUSIONS 


The UKCR projects described above highlight the importance of consid- 
ering the nuances between models when examining how climate-related 
hazards may change in future in the UK. Uncertainties between the 
UKCP Regional and Local simulations suggest that it is essential to have 
a physical understanding of the hazards when interpreting model output. 
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Incorporating more detailed information into the smaller-scale ensemble 
would further add confidence in the projections—capturing future urban 
changes, for example, is important because of the influence of the built 
environment on convective storms, and because the effect of urbanisation 
on climate impacts is unclear. Some projects have used data from model 
simulations at regional (or lower) resolution; this could be extended to 
the higher resolution convection-permitting model data, which provides 
a much more reliable representation of hourly rainfall, local extremes 
and future change. However, improvements to the uncertainty estimates 
associated with the CPMs could be made by using a multi-model GCM 
ensemble to drive the CPM [33] or ensembles of CPMs themselves. 

New physical (e.g. flooding) and statistical (e.g. heatwave) models have 
contributed to projections of worst-case scenarios for the hazards in ques- 
tion. In addition, there has been a focus on the physical causes of hazards; 
for example, precipitation extremes have been considered in terms of 
slow-moving storms, weather system types and seasonal weather patterns. 
This information helps with the interpretation of future hazards, which is 
a function of both the changing frequency and the hazard characteristics 
of the driver. Evaluation is now needed to assess how the new information 
(e.g. precipitation uplifts) is actually being used. 

A key challenge going forward is how to convert new information on 
hazard to estimates of risk, by considering the risk budget of hazard, 
vulnerability and exposure. Data from CPM (and other) models needs to 
be fed into hydrological (and other) models on a national scale, requiring 
a much better understanding of vulnerability and exposure and improved 
collaboration between different disciplines. 
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Abstract 


e The UK Climate Resilience Programme (UKCR) funded several 
projects that have calculated how climate change is likely to affect 
climate hazards and resources across the UK, using the latest UK 
Climate Projections (UKCP18). 

e Under a high emissions scenario, heatwaves and high tempera- 
ture extremes become more frequent across the UK, leading to an 
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increase in human mortality, animal heat stress, potato blight, wild- 
fire danger and damage to road and rail infrastructure. Cold weather 
extremes continue to occur but become less frequent. 

e Also under high emissions, the growing season starts earlier, lasts 
longer and is warmer; this is particularly beneficial for grass- 
land and viticulture, but the chance of summer drought and dry 
soils increases. The precise effects vary across different agricultural 
systems. 

e With respect to rainfall, high hourly and daily totals become more 
frequent, leading to a greater chance of flash flooding. River floods 
become more frequent in the north and west of the UK, but low 
river flows and droughts also become more frequent, and water 
quality in upland water sources declines. The actual size of the 
change in risk is uncertain, primarily due to uncertainty in exactly 
how rainfall will change. 

e There are large differences in change in risk across the UK. However, 
the actual size of the change in risk is uncertain, primarily due to 
uncertainty in exactly how rainfall will change. 


Keywords Climate risk - Climate hazards - Climate resources - UKCP18 


] INTRODUCTION 


Over the last 30 years, several studies have sought to quantify the poten- 
tial impacts of climate change in the UK in order to understand how 
risks might change and to inform adaptation and resilience policy in 
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specific areas. Since 1998, a series of national climate projections have 
been produced, with the most recent UK Climate Projections published 
in 2018 (UKCP18) [1]. The UK Climate Resilience Programme (UKCR) 
funded a series of projects that characterised future climate risks and 
opportunities across UK sectors under its ‘Climate Risks’ theme. This 
chapter draws together published results from these projects. It focuses 
on indicators of change in climate hazard and resource and concentrates 
on how these indicators change in a world with continued high emissions. 
The indicators characterise change in vulnerability and risk, and therefore, 
help inform the development of policy and decision-making on adaptation 
and resilience. 

The paper is organised into three sections, outlining the potential 
changes in hazard and resource that have been calculated during the 
UKCR programme, summarising how the results are being used and 
identifying important remaining gaps. 


2 CHANGES IN HAZARD 
AND RESOURCE ACROSS THE UK 


The weather and climate at a place constitute both a hazard (something 
that has the potential to cause harm, such as drought and flooding) and a 
resource (something that enables or constrains an activity, such as renew- 
able energy generation). Heatwaves, floods and droughts are the most 
obvious hazards, while agriculture and building heating requirements are 
strongly influenced by climate resources. A change in climate alters these 
hazards and resources and will impact many areas, including health, infras- 
tructure and the natural environment. Future impacts will depend on how 
the economy and society changes over time—and what measures are put 
in place to adapt and increase resilience—so are sensitive to assumptions 
about both trends and decisions. Another way of looking at the effects 
of climate change is to examine how indicators that relate to decisions 
and actions might change: how often, for example, would the thresh- 
olds that trigger emergency plans, or that are known to cause operational 
challenges, be crossed? Such information helps inform the development 
of adaptation and resilience policy. 

Several UKCR projects took this approach; the results are summarised 
here, grouped into three sectors as classified in the Technical Report for 
the Third Climate Change Risk Assessment (CCRA3) [2]: (1) natural 
environment and assets; (2) infrastructure; and (3) health, communities 
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and the built environment. Table 1 presents a high-level overview of 
changes in hazard and resource, together with some example quantifi- 
cations for the 2050s, while the following sections provide more detail. 
It is important to emphasise that the indicators presented do not neces- 
sarily characterise the full range of climate risks in the UK, and that 
the summary concentrates on research undertaken by UKCR projects 
specifically. 

The indicators referred to in this chapter are listed in Table 1, alongside 
the corresponding UKCR projects. These studies used the latest UKCP18 
climate projections [1 ], so the following section outlines these projections 
and details how they have been used. 


2.1 Climate Projections and the Construction of Climate Scenarios 


The UKCP18 land climate projections consist of four strands [1, 15], 
three of which (global, regional and local) describe changes in climate 
with the very high emissions ‘RCP8.5’ scenario, where global average 
temperature increases well above 4°C by the end of the twenty-first 
century. The three strands are based on climate models at different spatial 
resolutions, so provide information at different scales. The finer reso- 
lution models typically provide better information on short-duration, 
localised weather processes. All are based on variants of the Met Office 
HadGEM3.05 climate model, and therefore represent only a portion 
of the range of possible modelled future climates. The global strand 
combines the HadGEM3.05 model with other climate models, so gives a 
broader range of possible outcomes. 

The fourth strand—the probabilistic projections—not only includes 
many more climate models, but also includes projections for a wider range 
of assumptions about future emissions. The projections are intended to 
characterise the most complete range of uncertainty in how climate is 
likely to change in the UK in future. In practice, most of the studies of 
the UKCR programme have used the regional and local strand HadGEM 
RCP8.5 projections because they are spatially and temporally coherent; 
very few have used the probabilistic projections. Different studies have 
used slightly different time periods to define the current reference period 
and have used a variety of approaches (bias-adjustment or delta methods) 
to create climate scenarios. 
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Table 1 Changes in indicators of climate hazard and resource by the 2050s, 
based on the central estimate from the HadGEM UKCP18 strand (global, 
regional or local), with very high RCP8.5 emissions 


Indicator 


Projected change 


UKCR project 


Natural environment and 
assets 

The crop growing season 
starts earlier and lasts longer 


Growing degree days increase 


Frost days decrease 


Growing seasons for 
viticulture become warmer 
and longer 


Soil moisture deficits increase 
in summer 


Agricultural drought risk 


increases 


Warm and dry summers 
become more common 


e growing season starts 
around 30 days earlier 
and ends around 15 days 
later 

e growing degree days 
increase by over 50%, 
with slightly greater 
increases in the north 

e frost days decrease by 
around 60% 

e growing season 
temperatures increase by 
around 1.5°C and 
growing degree days 
increase by 25% (by 
2021-2040) 

e early season air frosts 
occur on around five 
fewer days per year 

e high inter-annual 
variability remains a 
consistent feature 

e average potential soil 
moisture deficit increases 
by 75% in England and 
over 50% in Scotland 

e average proportion of 
time in rainfall drought 
nearly doubles in 
England, and when 
evaporation is included 
increases by a factor of 
four 

e increases are lower in 
Scotland and Wales 

e average chance of getting 
two warm and dry 
months increases from 10 
to 40% 


Climate Risk Indicators 
Ref: uk-cri.org 


Climate Risk Indicators 
Ref: uk-cri.org 


Climate Risk Indicators 
Ref: uk-cri.org 
CREWS-UK 

Ref: Nesbit et al. [3] 


Climate Risk Indicators 
Ref: uk-cri.org 


Climate Risk Indicators 
Ref: uk-cri.org 


Multiple Hazards 
Ref: Garry et al. [4] 
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Table 1 (continued) 


Indicator 


Projected change 


UKCR project 


Potato blight becomes more 
frequent 


Thermal heat stress to dairy 
cattle increases 


Wildfire danger increases 
across the UK 


Infrastructure 
Road accident risk due to ice 
decreases 


High temperature extremes 
affecting rail infrastructure 
increase 


Adverse rail operating days 
increase in England, but 
decrease in Scotland 


number of days with 
blight risk increases by 
24% in eastern England 
and 67% in eastern 
Scotland (the two main 
potato growing regions) 
number of days with 
stressful conditions 
increases by a factor of 
24 in southwest England 
chance of days with ‘very 
high’ wildfire danger 
more than doubles across 
England, Wales and 
Northern Ireland, with 
slightly lower increases in 
Scotland 


average number of days 
across UK with risk of 
icing falls by 70% 
average number of days 
in England with 
maximum temperatures 
greater than 26°C 
increases by factor of five, 
and by a greater amount 
in Scotland and Wales 
adverse days nearly 
double in England 
adverse days decrease by 
25% in Scotland but 
increase after 2050 


Multiple Hazards 
Ref: Garry et al. [4] 


Climate Risk Indicators 
Ref: uk-cri.org 


Climate Risk Indicators 
Ref: Arnell et al. [5] and 
Perry et al. [6] 


Climate Risk Indicators 
Ref: Arnell et al. [7] 


Climate Risk Indicators 
Ref: Arnell et al. [7] 


Climate Risk Indicators 
Ref: Arnell et al. [7] 
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Indicator 


Projected change 


UKCR project 


Short-duration rainfalls 
become more frequent 


River flows decrease in 
summer and (in the north 
and west) increase in winter 


River floods become larger 
and more frequent in the 
north and west 


Low river flows decrease and 
become more frequent across 
the UK 


River drought frequency 
increases across the UK 


Dissolved organic matter 
increases in upland drinking 
water sources 


e average number of days 
with high rainfall in 
England and Wales 
doubles 

e in the north and west the 
30-year return period is 
over 30% larger than at 
present, with smaller 
increases in the south and 
east 

e average winter runoff in 
Wales increases by 11% 

e average summer runoff 
falls by over 40% in 
England and Wales 

e the 10-year flood is at 
least 10% larger in the 
north and west 

e the current 10-year flood 
occurs up to twice as 
often in the north and 
west 

e the 10-year return period 
low river flow is halved 
across England and 
Wales, and reduced by a 
third in Scotland 

e the current 10-year 
return period low flow 
occurs four times as often 
in England and Wales, 
and twice as often in 
Scotland 

e the amount of time in 
severe hydrological 
drought doubles across 
Britain 

e dissolved organic matter 
concentrations increase by 
over 30% in autumn in 
example upland 
catchments 


FUTURE-DRAINAGE 
Ref: Chan et al. [8] 
Multiple Hazards 

Ref: Hanlon et al. [9] 


Climate Risk Indicators 
Ref: Arnell et al. [7] 


Climate Risk Indicators 
Ref: Kay et al. [10] 


Climate Risk Indicators 
Ref: Kay et al. [10] 


Climate Risk Indicators 
Ref: Arnell et al. [7] 


FREEDOM-BCCR 
Ref: Monteith et al. [11] 
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Table 1 (continued) 


Indicator 


Projected change 


UKCR project 


Health, communities and 
the built environment 
Heatwaves and heat-health 
alerts become much more 
frequent, particularly in the 
south and east 


High temperature extremes 
become much more frequent, 
particularly in the south and 
east 


Heat-related mortality 
increases 


Cold weather extremes reduce 


but remain common 


Cold-related mortality 
decreases 


e average chance of a Met 
Office defined heatwave 
increases from 42 to 96% 
in England 

e average chance of a 
heat-health alert increases 
from 7 to 63% 

e average number of days 
per year with maximum 
temperatures greater than 
25°C increases from eight 
to 25 across the UK 

e average number of 
tropical nights per year 
(minimum temperatures 
greater than 20°C) 
increases from less than 
0.02 to almost three in 
England 

e average number of days 
per year with heat stress 
(wet-bulb globe 
temperature in shade > 
25°C) increases from 0.1 
to over four in England 

e heat-related mortality in 
summer increases by over 
30% 

e average chance of a cold 
weather alert decreases 
from almost 100% to 56% 
in England 

e cold-related mortality in 
winter decreases by 18% 


Climate Risk Indicators 
Ref: Arnell and Freeman 
[12] 


Climate Risk Indicators 
Ref: Arnell and Freeman 
[12] 

uk-cri.org 

OpenCLIM 

Ref: Kennedy-Asser et al. 
[13] 


Health Sector Resilience 
Ref: Huang et al. [14] 


Climate Risk Indicators 
Ref: Arnell and Freeman 
[12] 


Health Sector Resilience 
Ref: Huang et al. [14] 
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Table 1 (continued) 


Indicator Projected change UKCR project 

Heating degree days reduce e heating degree days Climate Risk Indicators 
decrease by 30% in Ref: Arnell et al. [7] 
England and 48% in Multiple Hazards 
Scotland Ref: Hanlon et al. [9] 

Cooling degree days increase © cooling degree days Climate Risk Indicators 
increase by a factor of Ref: Arnell et al. [7] 
four in England and five Multiple Hazards 
in Scotland Ref: Hanlon et al. [9] 


2.2 Natural Environment and Assets 


While this sector encompasses natural environments, agriculture, forestry 
and the landscape [16], studies published thus far have concentrated on 
wildfire (the hazard) and on indicators relevant to agriculture. 

Wildfires in the UK are typically a result of human action (usually inad- 
vertent), but the fire danger at a place depends on current and preceding 
weather. Projected higher temperatures, lower humidity and increased 
drought conditions result in increased wildfire danger across the UK, 
particularly in the south and east [5, 6]. Each indicator presents a different 
degree of change with respect to wildfire danger, but all point to an 
increase in risk. 

Regarding UK agriculture, projected warmer temperatures increase the 
duration of the growing season, which serves to both increase growing 
degree days and reduce early season frost frequency—conditions that 
benefit grass and potentially other crops such as vines [3, 4, 9, 17]. 
However, summer soil moisture deficits increase across the UK (particu- 
larly in the south and east) due to drier summers and greater evaporation. 
This potentially limits production of crops without supplementary irri- 
gation. Agricultural drought risk increases with increasing temperature 
across the UK, with a large uncertainty range primarily due to uncer- 
tainty in projected changes in rainfall [9, 17]. With very high RCP8.5 
emissions, the chance of having two warm and dry summer months in a 
year—which is challenging to agriculture—would increase from less than 
10% now to over 40% by the 2050s, but again with a large uncertainty 
range [4]. 

Projected high temperatures, coupled with high humidity, also lead 
to increased risk of potato blight (particularly in typically cool areas) 
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[4], lower milk yields from dairy cattle owing to increased heat stress 
(particularly in the south and east) [4, 17] and a substantial increase 
in the occurrence of debilitating sheep parasites (in the south and west) 
[17]. The annual number of days with very wet soils, which limits access 
to land, decreases in future [17]. This reduction occurs mainly during 
autumn, which would potentially help with the drilling of winter crops 
and establishment of robust rooting systems. 

Taken together, these changes in climate imply some opportunities 
for UK agriculture (especially at lower emission scenarios), but also 
mean increasingly challenging conditions associated with extreme events 
for many types of farming. The precise impacts on yields will vary 
between crop type and variety, depending on their resilience to changes 
in temperature, rainfall and associated pests and diseases. 


2.3 Infrastructure 


This sector covers the UK infrastructure providing services such as 
heating, lighting, mobility, freshwater and sanitation to society and 
protecting against extreme events [18]. 

The number of days with ‘heavy’ rainfall above thresholds used in 
the Met Office National Severe Weather Warning Service is projected to 
increase into the future [9], implying more frequent flash flooding. The 
magnitude of rainfall events with a specific chance of occurring—such 
as one in 30 years—is projected to increase [8, 19]. The increases are 
proportionally greater in the north and west. 

Changes in hourly and daily extreme rainfall such as these would 
directly affect flash flood risk (e.g. in urban areas), but not necessarily 
directly affect river flood risk. Small and impermeable catchments respond 
rapidly to short-duration rainfall, while flooding in larger catchments or 
catchments with more storage reflects longer-term accumulations of rain- 
fall over days or weeks. The general picture is for an increase in flood risk 
(interpreted as change in either magnitude or frequency) across northern 
and western parts of the UK, resulting from increased rainfall and poten- 
tially slower-moving rainstorms [20]. In the south and east, there is more 
of a mixed picture [10, 21], with considerable uncertainty in the amount 
of change. The projected increase in flooding increases the erosion risk to 
bridges and other infrastructure [22]. 

At the same time, reductions in spring, summer and autumn rainfall 
across southern and eastern England result in lower summer and autumn 
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river flows [10, 21], increased frequencies of hydrological drought [23] 
and associated pressure on water resources and the water environment— 
although the uncertainty range is again large. 

High temperature extremes affect the performance and maintenance of 
road and rail infrastructure (e.g. causing road surfaces to melt and track/ 
signalling equipment to malfunction), while low temperatures increase 
road accident risk through road icing [23]. High temperature extremes 
are projected to become much more frequent, reducing the reliability of 
road and rail infrastructure and increasing the frequency of failure. Low 
temperature extremes become less frequent but will continue to occur. 

Adverse weather conditions can also affect operations on the rail- 
ways. Characterised as hot, cold, wet and windy extremes, occurrences 
of ‘adverse weather’ impacts punctuality standards. Across England and 
Wales, the number of days with adverse weather is projected to increase 
with warming [23], primarily because hot days increasingly dominate. In 
contrast, adverse conditions in Scotland are strongly influenced by cold 
weather, and these decrease over time. 

The reliability of renewable energy supplies is potentially affected by 
changes in climate, but changing demand (see below) will be more impor- 


tant than the projected small variation in the frequency of ‘wind drought’ 
[24, 25]. 


2.4 Health, Communities and the Built Environment 


This sector concentrates on risks to the UK population, focusing on 
health and wellbeing, as well as the built environment [26]. 

Extreme high temperatures in the UK are projected to increase more 
rapidly than global average temperatures [13, 27]; the number of days 
above specific temperature thresholds increases substantially, particularly 
in the south and east [9, 23]. Two definitions of heatwave are currently 
used operationally, one by the Met Office to declare a heatwave (primarily 
for communications purposes) and one used in England in the health 
and social care system. Under both definitions, the number of events is 
projected to increase significantly. When translated into risk of human 
mortality [14, 28], risks increase with temperature in a very non-linear 
way and accelerate as temperature rises. Extreme heat stress arises where 
high temperatures are associated with high humidity; high heat-stress days 
are currently very rare in the UK, but the chance of experiencing them 
in future increases very substantially in the south-east [12, 13]. At the 
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other extreme, cold weather events become less frequent [9, 12], but will 
still occur with sufficient frequency that they need to be considered for 
planning purposes. 

Extreme windstorms are likely to increase in frequency throughout the 
twenty-first century, with a large proportion likely to feature very high 
windspeeds due to ‘sting jets’ [29] leading to an increased risk of property 
damage. 

Heating degree days (a proxy for the demand for residential heating) 
decrease by about 18% and 35% at 2°C and 4°C warming, respectively 
[9, 23], with the percentage change relatively consistent across the UK. 
The uncertainty range is small because there is relatively little uncertainty 
in how UK average temperature changes with global average tempera- 
ture. Cooling degree days (a proxy for overheating and therefore cooling 
requirements) increase from a low baseline, and therefore, percentage 
changes are potentially misleading. However, there is much more vari- 
ability across the UK, with the greatest increase experienced in the south 
and east. 


3 How HAVE THE RESULTS BEEN USED so FAR? 


A wide range of indicators of current and future climate hazard and 
resource across the UK are available from the Climate Risk Indica- 
tors website, an interactive tool enabling users to map indicators and 
plot time series at scales ranging from local authority area to the four 
nations of the UK. This resource has been used by several organisa- 
tions to understand local and regional climate risks, and some (e.g. The 
Wildlife Trusts) [30] have combined the indicators with their own data 
to create customised risk maps. Results and figures also figure promi- 
nently in the CCRA3 Technical and Synthesis Reports. The UK Heat 
Stress Vulnerability website allows users to produce maps of current 
and future heat stress, combining metrics of heat hazard with metrics 
of vulnerability, which has been used by the Welsh Government [31]. 
The projected changes in short-duration rainfall produced in the UKCR 
project ‘FUTURE-DRAINAGE’ [18] have been used to define new peak 
rainfall climate change allowances for both England [32] and Scotland 
[33]. The UK Government’s CCRA3 [34] refers to both the climate risk 
indicators website and ‘FUTURE-DRAINAGEP’. The results from several 
projects have also been used as the basis for more specific investigations 
for individual public and private sector organisations. 
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4 GAPS AND CHALLENGES 


Taken together, the UKCR-funded studies of changing climate risk in 
the UK have demonstrated the potential for large, adverse impacts and 
increases in risk. Also highlighted, however, are the large uncertainty 
ranges, primarily due to uncertainty in how mean and extreme rain- 
fall across the UK will change over time. The studies have used slightly 
different approaches in detail, but all produce comparable results. There 
are, however, three main gaps. 

First, the studies summarised here have typically focused on specific 
sectors or physical hazards on the land. While these were all assumed 
to be important, they were not selected on the basis of their relative 
contributions to climate change risk in the UK and do not provide a 
comprehensive coverage. For example, no studies have yet published indi- 
cators relating to potential risks to the natural environment (except due 
to wildfire hazard). 

Second, most of the assessments so far have focused on the regional 
and local strands of the UKCP18 projections, which assume a very high 
rate of increase in future emissions [35, 36]. It is difficult to link these 
directly to potential changes under lower emissions, following the Climate 
change Committee’s guidance [37] to adapt to a two degree world but 
prepare for four degrees—although some analysis has been undertaken 
using subsets of the probabilistic strand [7] or presented impacts by level 
of warming [9, 13, 23]. In practice, there is little difference between emis- 
sions scenarios to the 2040s, compared with the uncertainty range, so 
the gap is more relevant over the longer term. Also, the regional and 
local strands used in most studies are based on a climate model with 
a relatively high climate sensitivity. The use of just a subset of the full 
suite of UKCP18 projections means that uncertainty ranges are probably 
underestimated. 

Third, with the exception of the agriculturally focused 2021 study by 
Garry and others [4], there have been few assessments of how compound 
events and extremes might change in future (e.g. the cumulative impact of 
wind, rain and storm surges, or hot, dry and high fire danger conditions). 
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5 CONCLUSIONS 


The studies summarised here together enable a consistent assessment of 
potential changes in climate hazards and resources across the UK using 
the same underlying climate scenarios, in terms directly relevant to the 
management of climate risks. Future risk and future impacts depend 
on how these changes in hazard and resource interact with changes in 
exposure and vulnerability. 
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e The understanding and quantification of climate vulnerabilities is 
central to developing valuable assessments of future risks, with 
close communication between stakeholders and researchers crucial 
to achieving this. 

e Access to existing exposure and vulnerability data is highly frag- 
mented; a centralised authoritative repository, where such data could 
be combined with climate data, would widen access and facilitate 
research. 

e There is an ongoing need for multiple risk frameworks and tools to 
address the breadth of climate resilience issues. 

e The analysis of compound, cascading and systemic risks would 
benefit from more focus in the context of national scale risk assess- 
ments. 


Keywords Climate - Hazards - Risks - Vulnerability - Exposure 


] INTRODUCTION 


The link between human-induced global warming and changing weather 
and climate is well documented [1]. Changes to UK climate have been 
observed over recent decades, with implications for both current and 
future climate hazards [2]. Climate variability and change, including 
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changes in the severity, frequency and spatial patterns of extreme weather, 
can have wide ranging impacts on society, the economy and the envi- 
ronment. Examples of impacts include risks to human health due to 
increased exposure to heat in buildings, risks to people and the economy 
from climate-related disruption of power systems and risks to soil health 
and agriculture from increased flooding and drought [3]. Climate risk is 
commonly defined as a combination of the climate hazard (see also Chap- 
ters 9 and 10), exposure and vulnerability, with response sometimes also 
considered as a separate determinant (Fig. 1). 

Interactions between sectors and systems will also affect risk. Clearly 
defining, representing and combining elements of these components, 
which can stretch across social, economic and environmental domains, 
sometimes in an interrelated fashion, is extremely challenging. In addi- 
tion, most risk assessments do not consider the potential for compound 
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Fig. 1 Risk as a function of hazard, exposure, vulnerability and response. This 
example illustrates some of the complex interactions that generated risk to 
infrastructure during the 2018 European heatwave [4] 
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or cascading consequences [5], which can lead to an underestimate of risk 
[4]. Different approaches and methodologies to convert climate hazard 
data to climate risk information have been pursued and applied through 
the UK Climate Resilience Programme (UKCR). 


2 PROGRESS IN CLIMATE RISK 
QUANTIFICATION—OVERVIEW 


Qualitative mapping provides a straightforward approach to draw 
together pre-existing research and secondary sources to identify hazards 
and multi-sector risks; for example, to identify multi-sector risks at the city 
level, as exemplified by the UKCR project ‘Manchester Climate Action’. 
This allows exploration of how risks could evolve in future and a reference 
point for future research [6], supported by input from key stakeholders 
and expert-led technical assessments where key risks are identified, or 
information is incomplete. Similarly, developing a better understanding 
of historical events (and associated risks) by linking observed reports and 
datasets with modelled hazard data provides a mechanism to better under- 
stand or develop triggers/thresholds that can be used to project the risk 
of future events occurring—an approach applied by the UKCR project 
‘Environment Agency Incident Response’. Again, stakeholder engage- 
ment or co-production is crucial to support access to novel datasets and 
exploration of data to support new analyses. 

Threshold-based methodologies assess climate-related risks by linking 
hazard data to the exceedance of a given operational or warning threshold 
(see also Chapter 10). UKCR projects ‘Climate Risk Indicators’, ‘Meeting 
Urban User Needs’ and ‘Hazard to Risk’ [7, 8] applied this approach to 
a wide range of risk-related indicators, including: health and well-being; 
energy use; transport; agriculture; wildfire; heat stress and hydrological 
indicators. The UKCR project ‘Multiple Hazards’ also used this method 
in its study of compound events [9]. The use of impact-specific thresh- 
olds, where discernible, can ensure risk indicators are meaningful to 
end-users and provide information in relevant and understandable terms 
at a variety of scales. While thresholds are often based on historical/ 
observed data and are assumed to remain static in future, most analyses 
could be repeated relatively easily with alternative thresholds if required. 

Simulation models can capture more complex relationships between 
hazard, vulnerability and exposure. For example, implications of heat on 
care settings, given the vulnerability of specific building characteristics 
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and locations to temperatures, were identified in the UKCR project ‘Cli- 
maCare’ [10]. Detailed modelling such as this provides new insights into 
how different components of vulnerability and their relative sensitivity, 
such as building construction, will affect risk at more localised levels. 

Catastrophe (CAT) modelling frameworks, typically used by insurance 
and financial sectors, model the risks of extreme weather, combining 
hazard, exposure and vulnerability data. Extensions have allowed future 
climate risks to be estimated in several UKCR projects; ‘AquaCAT’ 
achieved this by enabling the changing spatial structure of flood events 
to be reflected in national flood risk assessments, whereas the ‘Multiple 
Hazards’ project created spatially coherent assessments of heat-related risk 
and ‘Risk Assessment Frameworks’ examined heat impacts on physical 
outdoor work capacity, with risks quantified in terms of cost and days 
affected. 

Systems-based approaches move away from considering individual risks 
in isolation, aiming to capture the interconnections and interdependen- 
cies of risks within a single framework. Bringing together diverse models 
and methodologies allows multiple sectors to be analysed in a compre- 
hensive and consistent manner. Under ‘OpenCLIM’, progress has been 
made in how we design integrated frameworks, develop linkages between 
models and incorporate adaptation into assessments. However, coupling 
models also increases the complexity of data requirements, outputs and 
uncertainties, particularly where multiple dynamics exist. 


2.1 Risks and Indicators 


Moving from hazard to risk has many challenges, and while the term 
‘risk’ is used universally, often it is sometimes used as shorthand for ‘risk- 
related indicators of exposure or vulnerability only to a climate hazard’. 
The ‘Climate Risk Indicators’ project did not explicitly include expo- 
sure and vulnerability, although certain indicators were weighted (e.g. 
based on population) to reflect the hazard and current levels of exposure, 
and many of the indicators are based on thresholds representing current 
interpretations of levels of vulnerability. Other studies have mapped over- 
lapping factors that contribute to risk, including data on socioeconomic 
vulnerability and exposure at the national scale [11]. The UKCR project 
‘Meeting Urban User Needs’ incorporated more localised conditions, 
drawing together data on vulnerable people, the built environment, green 
space and council assets. Embedding components such as these will be 
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especially important for decision-makers wanting to understand risk in 
detail, particularly at smaller scales. 

Communicating risk can also be challenging (see also Chapter 12), 
particularly because the most suitable scale for calculating risk rarely aligns 
with how risk is best communicated and used. Indeed it is common that 
the spatial resolution which it is possible to calculate risk at is misaligned 
with what is needed to inform decisions at different spatial scales [6]. 
However, the above UKCR projects have demonstrated the benefits of 
working with stakeholders to maximise utility and uptake—for example, 
‘Climate Risk Indicators’ provided risk indicators based on policy relevant 
thresholds and critical values, ‘Multiple Hazards’ provided additional risk- 
density metrics that allowed a national comparison of results [9], and 
‘Meeting Urban User Needs’ used risk frameworks that align with existing 
stakeholder frameworks. 


3 AREAS OF PROGRESS 
IN METHODOLOGICAL DEVELOPMENT 


3.1 Spatially Coherent Event Set Generation Versus Local Return 
Periods 


The spatial characteristics of extreme events are important in assessing 
the return frequency of a geographically aggregated impact. For example, 
extreme events may affect multiple assets in a national portfolio, but if 
return frequencies of events are calculated locally, they do not capture the 
spatial relationship between impacts on these assets. The risk assessment 
for a portfolio should be calculated incorporating those spatial relation- 
ships to capture the total impacts. This has long been recognised in the 
insurance sector but should also be considered in assessing systemic or 
cascading impacts. 

The need for considering spatial coherence, and the potential for 
change in the spatial characteristics, has been examined in UKCR projects 
‘AquaCAT’ [12-14], ‘OpenCLIM’ [11, 15], and ‘Multiple Hazards’ 
[16]. For flooding, ‘AquaCAT” predicts an increase in widespread events 
with very extreme river flows, as well as more widespread events that 
are formed by much more frequent high levels of river flow. Results 
from using the tool CLIMADA (https://wer.ethz.ch/research/climada. 
html) (‘Risk Assessment Frameworks’ project), show large increases in the 
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impact of heat on outdoor productivity across the UK, but with poten- 
tial for regionally differentiated optimal adaptation approaches. Projects 
such as ‘AquaCAT” have advanced novel statistical methods to generate 
stochastic event sets for both hazard and risk, generating values for the 
underlying climate simulations. 


3.2 Exposure and Vulnerability Data 


Vulnerability and exposure can be the key source of uncertainty in risk 
calculations. It is difficult to fully encompass the range of complex, inter- 
secting factors that these components are contingent upon. For example, 
data may not exist at the required spatial level, or detailed spatial data may 
exist but not be available or spatially coherent across different regions of 
the UK, or projected data may not be available for the desired future time 
periods. 

An important methodological advance is that local, regional and global 
data underpinning the latest UK Climate Projections (UKCP18) used to 
model and project hazards, can now be linked to the recently released UK 
Shared Socioeconomic Pathways (UK-SSPs). The UK-specific SSPs are 
consistent with the global SSPs, qualitatively and quantitatively describing 
a set of internally consistent, alternative plausible trajectories of societal 
development which can be used to support risk assessment. A benefit of 
this is that climate scenarios can be temporally aligned with projections of 
socioeconomic change. Certain risks to different sectors, and feedbacks of 
socioeconomic change, can also be evaluated consistently across a range 
of socioeconomic futures, as illustrated in ‘OpenCLIM’, although there 
are some challenges to using the time-varying UK-SSPs in the context of 
hazard expressed on global warming levels. 


3.3 New Datasets for Hazard, Risk, Vulnerability and Exposure 


Throughout the UKCR programme, there have been several develop- 
ments which have allowed the production and sharing of datasets to better 
inform assessment of changing climate risk. The availability and use of 
these by the community will support the evidence base underpinning the 
next UK Climate Change Risk Assessment. A selection is listed in Table 1. 
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Table 1 A selection of the new datasets for hazard, vulnerability, exposure and 
risk developed through the UKCR programme 


Class Project Dataset 
Hazard Coastal Climate Future storm surges, waves and extreme water 
Services levels around the UK coast 
Hazard Risk Assessment Events set of outdoor heat stress 
Frameworks 
Hazard EuroCORDEX-UK Regional climate model (RCM) projections 
over the UK reformatted to complement the 
UKCP18 ensemble 
Hazard AquaCAT AquaCAT flooding event sets 
Hazard Climate Risk Risk-informed indicators of climate-related 
Indicators hazards for different UK sectors 
Exposure & UK-SSPs Uk-specific socioeconomic pathways (SSPs), 
vulnerability down-scaled from the Global/European SSPs 
Risk Meeting Urban User Heat Vulnerability Index to assess heat risk 
Needs within the city of Belfast 
Risk Risk Assessment Future of outdoor productivity loss (in person 
Frameworks hours) under different socioeconomic and 
climate futures 
Risk OpenCLIM Risk-related metrics covering heat stress; inland 
flooding; risks to water supply; drought; 
biodiversity and agriculture under different 
socioeconomic and climate futures 
Risk Multiple Hazards Maps of future climate risks for cattle heat 


stress and potato blight occurrence 


3.44 Treatment of Uncertainties 


There are many sources of uncertainty in the calculation of risk, from the 
physical characterisation of hazards, the exposure of assets or systems to 
these hazards and the amount of impact a given hazard will have. These 
are compounded by the uncertainties around methodological choices in 
how hazard information is combined with exposure and vulnerability to 
estimate risk. 

Physical uncertainties in climate projections arise from many overlap- 
ping factors. Different weather and climate products have been developed 
over the years which, depending on the intended use, prioritise different 
types and sources when sampling uncertainty. These uncertainties broadly 
split between ‘aleatoric uncertainty’ (the inherent randomness in chaotic 
systems) and ‘epistemic uncertainties’, which arise from our incomplete 
understanding of the physical system and ability to simulate it, including 
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scenario uncertainty arising from the forcing of the system by uncer- 
tain human actions [17]. All these sources are considered across different 
climate products used within UKCR, with some notable advances in the 
treatment of uncertainty. 

The ‘EuroCORDEX-UK’ project expanded the UKCP18 regional 
model ensemble with a range of model simulations from EURO- 
CORDEX [18] to better sample structural uncertainties (from use of 
different regional and global climate models) as well as the parametric 
uncertainty (from uncertain physical parameters in a single model) from 
the original UKCP18 simulations. 

An alternative approach was taken by the project ‘Coastal Climate 
Services’ which, instead of carrying out new surge and wave simulations, 
adapted an operational technique for medium- to long-range forecasts to 
look at the influence of climate change on future coastal risk [19]. Histor- 
ical wave and storm surge events were linked with North Atlantic pressure 
patterns and used to quantify the distributions of wave and surge for each 
pressure pattern. Combining these with projections of future local sea 
levels and accounting for frequency changes in atmospheric circulation 
patterns allowed them to assess the changes in coastal risks from extreme 
water levels. 

The approach of using multiple data sources and adapting existing 
methodologies was taken further in work with CLIMADA, where the 
uncertainty in future risk was disaggregated with a sensitivity analysis [20]. 
This served to attribute uncertainty between sources of climate informa- 
tion, methodological choices, assumptions about future socioeconomic 
trends (from UK-SSP), climate sensitivities! and global warming levels. 
While initially idealised, this combines many of the approaches to dealing 
with uncertainties that have been used across UKCR. 

As well as these specific advances in uncertainty and risk calcula- 
tion, throughout the UKCR programme different climate products have 
been used extensively to account for uncertainty. Expert judgement is 
needed to assess whether a product can credibly represent the hazard of 
interest and account for uncertainty in the projections, while balancing 


l Climate sensitivity is typically defined as the global temperature rise following a 
doubling of CO2 concentration in the atmosphere compared to pre-industrial levels. 
From: _ https://www.metoffice.gov.uk/research /climate/understanding-climate /climate- 
sensitivity-explained#:~:text=Climate%2Osensitivity%20is%2 Otypically%20defined,be%20at% 
20roughly%20520%20ppm. 
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the computational demands of their use or availability over a specific 
time period. For example, the Urban Heat Service (an outcome of 
the ‘Meeting Urban User Needs’ project) used the highest resolution 
products available, whereas work on compound hazards affecting UK 
agriculture (‘Multiple Hazards’ project) used probabilistic and regional 
UKCP18 products [9]. 


4 Gaps AND REMAINING CHALLENGES 


This section represents the views of the authors in terms of their experi- 
ences on the balance of opinions held. It is acknowledged that there may 
be specific sectors or organisations where the remaining challenges differ 
to the views expressed here. 


41 Hazards 


Availability of, and access to, climate information needed to calculate 
future risk has improved over recent years, owing to model advances in 
complexity, horizontal resolution and sampling of uncertainties driven by 
both international and UK programmes such as UKCR and UKCP18. 
The continued development of convective scale climate simulations 
(~lkm horizontal resolution) has driven improved understanding of 
extreme rainfall events in particular. 

However, no ‘best’ set of climate products exists for all use cases—from 
the user perspective, deciding which tool to use (with limited resources) 
is challenging, requiring an understanding of the relevant hazards and 
the characteristics of the different climate products. This is particularly 
complex where multiple impacts compound the effects of each other, 
either directly or indirectly, or over different time scales. Closer communi- 
cation between climate research and impact sectors would help develop a 
shared understanding of sector vulnerabilities and climate model capabili- 
ties, supporting a more insightful application of climate data to resilience 
issues and ultimately enabling more valuable advice and services. 

There is also often a need for calibration or ‘bias-correction’ of climate 
data before calculating impact. As with the choice of climate products, 
deciding on a methodology requires knowledge and judgement about 
the nature of the impact and risk of interest. Multivariate methodologies, 
which are not yet mature, need further development for more hazard 
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cases, including treatment of large-scale biases and local statistical char- 
acteristics. As these decisions vary on a case-by-case basis, community 
calibration toolkits would be a valuable resource, for both efficiency of 
research and fidelity of outputs. 


4.2 Exposure and Vulnerability 


A common challenge in the assessment of climate-related risk is the 
dynamic nature of exposure and vulnerability, either through shifts in 
policy, explicit adaptation or both. Building on the UK-SSPs through 
future work, to provide a broader range of indicators, would allow a more 
informed assessment of future risk. 

Additionally, access to exposure and vulnerability data needs to be 
improved, as it remains a common and substantive challenge. Informa- 
tion is often sensitive with limited accessibility unless direct partnership 
with data owners exists. Government data sources are useful assets for 
informing climate risk assessments but often they are in diverse repos- 
itories, with varying formats and access requirements. A broader range 
of historical and projected future data, curated through an authoritative 
organisation, on an openly accessible platform where climate data could 
be either hosted or imported would be a valuable community resource. 

Finally, nurturing a community of users that understand their vulner- 
abilities would be beneficial. Getting credible vulnerability information is 
regularly the hardest component of the data sourcing for risk, as well 
as identifying exactly what risk metric(s) are most useful for decision- 
making. Generally, most organisations have yet to develop the maturity 
in their understanding and data collection to be able to quantify their 
vulnerabilities, hindering risk calculations. 


5 CONCLUSIONS 


UKCR has made substantial progress in projections of future exposure 
and vulnerabilities, and the development of and application of method- 
ologies to combine these with climate projections to quantify future 
climate risk. Valuable case studies have been produced on agriculture, 
flooding and overheating, amongst others. However, understanding and 
quantifying stakeholder vulnerabilities remains a challenge, and access 
to information needed to estimate exposure and vulnerabilities remains 
highly fragmented. 
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The programme has reinforced that different risk frameworks and tools 
are appropriate for informing different climate resilience and adapta- 
tion decisions, and that close communication between stakeholders and 
climate scientists is crucial to producing valuable analysis and advice. 
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CHAPTER 12 


Note on Delivering Impact 


Rachel Harcourt and Nick Hopkins-Bond 


Abstract 


e Building a strong connection with the target audience, by consid- 
ering their concerns, priorities, experience and knowledge, is crucial 
for effective engagement of non-academics in climate change adap- 
tation research. 

e Also important is tailoring the method of engagement to each 
audience and intended purpose; for example, creating visual repre- 
sentations of complex scientific data or undertaking co-creative art 
projects. 
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e Considering appropriate and effective ways of measuring impact and 
benefit from the outset—perhaps co-developed with users—is key to 
quantifying the overall success of a climate service. 


Keywords Engagement - Dissemination - Dialogue - Relationship 
building - Visuals - Creativity 


] INTRODUCTION 


The UK Climate Resilience Programme (UKCR) aimed to deliver impact 
by responding to government priorities and opportunities, and by devel- 
oping useful and usable research for end users. This book provides 
evidence of the wealth of outputs produced by the programme. Many 
UKCR projects also sought to achieve further impact by engaging directly 
with target audiences. The key learnings from the programme as to how 
best to do this are summarised in the infographic (Fig. 1) and explored 
further in the text below. The examples discussed are intended to be illus- 
trative, rather than conclusive, to stimulate ideas and provide guidance for 
those planning research impact. 


2 ENSURE REGULAR DIALOGUE WITH END 
USERS THROUGHOUT A PROJECT TO ENSURE 
ALL OUTPUTS ARE RELEVANT AND USABLE 


To achieve the key programme aim of developing policy relevant and 
usable outputs, researchers engaged in dialogue with central and local 
government partners to understand what ‘usable’ and ‘relevant’ means 
to them. For example, discussions with Bristol City Council as part 
of the ‘Meeting Urban User Needs’ project highlighted the need to 
make UK Climate Projections (UKCP18) data more easily digestible for 
a non-specialist. The council’s requirements were two-fold: to increase 
the use of UKCP18 in city-level adaptation planning and to create an 
output to help build risk awareness within the wider Bristol commu- 
nity. Establishing a key point of contact within the research team at 
an initial face-to-face meeting helped, as city stakeholders were hearing 
the ‘same voice’ throughout which nurtured trust. Regular light-touch 
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follow-on meetings with users, interspersed with more in-depth conversa- 
tions when required, created a continuous knowledge exchange. Through 
this process of co-development, the partnership produced the Bristol City 
Pack, an infographic style fact sheet combining simple messaging with an 
attractive style [1]. Based on feedback from Bristol City Council, this 
proved extremely successful in providing the required level of accessible 
and localised climate data. The ‘City Pack’ format has since been made 
available to 28 other UK cities with demand ongoing, plus requests for 
more detailed versions relating to a specific risk, such as heat related health 
risks in Manchester. This work has highlighted the importance of open 
dialogue to manage user expectations and communicate what is achievable 
with the resource and time available. 


3 DEVELOP A DETAILED TIMELINE FOR ENGAGEMENT 
AND DISSEMINATION ACTIVITIES CAPITALISING 
ON PERIODS OF HEIGHTENED SUBJECT INTEREST 


When engaging government, it is essential to make use of moments of 
heightened policy focus. The five-year Climate Change Risk Assessment 
(CCRA), which is one of the central commitments of the UK 2008 
Climate Change Act, receives significant media coverage upon publica- 
tion. As well as detailing the latest understanding of UK climate risk, the 
CCRA sets out prioritisations for policy, directly informing the five-year 
National Adaptation Programme on how the government and others will 
prepare the UK for a changing climate. Its third iteration, CCRA3, was 
published in 2021 during the funding period of the UKCR programme, 
offering a significant opportunity for impact. UKCR researchers under- 
took a synthesis of UKCR-funded, peer-reviewed research to feed into the 
Technical Report [2] of the Independent Assessment Evidence Report 
for the CCRA3 [3]. Due to the protracted nature of the peer review 
process, it is noted that significant lead times are required to avoid the 
omission of relevant research from synthesis activities—particularly where 
it provides evidence for government policy. Factoring this into project 
timelines is key, and early conversations with publishers could result in 
special arrangements with regard to publication timescales. 
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4 IDENTIFY Ways OF MEASURING ‘ENGAGEMENT’ 
AND ‘IMPACT’ AS EARLY IN A PROJECT AS POSSIBLE 


Both ‘engagement’ and ‘impact’ can be hard to define, quantify or 
provide evidence of, particularly during time limited research projects. 
Some UKCR projects addressed this by issuing feedback surveys and 
measuring website analytics, although these tend to measure participation 
rather than impact. Building solid relationships and maintaining dialogue 
throughout the project, as recommended elsewhere in this note, can facil- 
itate the process of ongoing evaluation and learning. It is also possible to 
survey the collective impact of diffuse engagement efforts. For example, 
the UKCR-funded ‘RESIL-RISK’ project was a national survey of public 
perceptions of climate risks and adaptation. It found that UK residents are 
now much more aware of and concerned about the impacts of climate 
change and extreme weather events, particularly heat stress, in the UK 
compared with surveys taken only a few years ago. However, the survey 
did not investigate the likely multiple factors influencing this shift in 
public perception. Researchers, alongside project partners and intended 
audiences where possible, should agree success factors and measures of 
engagement and impact as the project plan is being developed. Although 
these may change as the project progresses, it is important that measuring 
impact should not be left to the end. 


5 SUMMARISE FINDINGS INTO BITE-SIZE, VISUALLY 
APPEALING AND EASILY RELATABLE FORMATS 


Usability of outputs was a key principle for the UKCR programme. 
Many policymakers and sector practitioners have no formal climate science 
training and often have little time to ingest complex climate change infor- 
mation; presentation is therefore vitally important and can be a barrier to 
impact, even if the information provided is relevant and needed. A UKCR 
project called ‘Communication of Uncertainty’ exploring non-experts’ 
responses to written and visual climate information, found that some 
factors facilitated understanding (e.g. use of colour, simple captions) while 
others hindered understanding (e.g. use of complex terminology and 
statistics) [4]. The research team used these findings to develop a set of 
‘best practice’ design principles for communicating climate change infor- 
mation, which they summarised in best practice compliant infographics 
[4, 5]. The Met Office Communications and Knowledge Integration 
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teams have adopted the guidance as standard practice when designing 
climate change communication materials, both for UKCR and more 
widely. The principles provide simple but useful guidance to climate 
science communicators using all mediums. 


6 BUILD SOLID RELATIONSHIPS 
WITH END USERS TO HELP DISSEMINATE 
FINDINGS DIRECTLY TO TARGET AUDIENCES 


There is a growing demand from many industries for information on 
current and future climate-related risks, effective adaptation strategies 
and climate services, driven by the reporting requirements of the UK 
Climate Change Act 2008, the UK government roadmap for manda- 
tory adoption of the Taskforce on Climate-related Financial Disclosures 
(TCFD) [6], and ISO standards on adaptation to climate change [7]. 
One area of focus for UKCR was the UK agricultural sector, which is also 
responding to new legislation resulting from Brexit, changing expecta- 
tions regarding land management and challenges due to climate change. 
This provided real opportunity for impact if UKCR researchers could 
develop and maintain relationships with those needing information to 
address this collection of issues. The ‘Multiple Hazards’ project looked 
at the risk of compound events (the combined effect of multiple hazards 
such as temperature and humidity) on the farming sector. From the 
outset, the research team engaged with government and farming agen- 
cies to understand key concerns and priorities, as well as to develop the 
outputs and types of communications needed. With parallels in many 
other industries, the relationships were built on the understanding that 
the agricultural partners brought unique knowledge of their land and 
experience of farming under variable weather. Building such relationships 
‘opened doors’ to forums and spaces that resonated with the partner 
industry. In another example, the ‘CREWS-UR project developed a 
partnership with WineGB, the national association for the English and 
Welsh wine industry, which provided direct links and influence within the 
UK wine sector and ensured outputs were relevant to emerging sector 
priorities. 
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7 ADOPT CREATIVE AND COMMUNITY-BASED 
ENGAGEMENT ACTIVITIES 


Members of the public have essential roles to play in achieving increased 
national and local resilience by undertaking adaptive actions in their 
homes and daily routines, and by supporting adaptation initiatives from 
government and the private sector. However, climate resilience is a 
complex issue to communicate, and engaging people on what it means 
takes an emotional toll. While we are using ‘members of the public’ here 
for brevity, work by Climate Outreach [8] and others has shown that 
different sections of the UK public have very differing needs, interests 
and preferences. One means of addressing this is to bring creative climate 
communications into spaces where people already are. For example, the 
‘Risky Cities’ project based in Hull drew the attention of city residents 
to local flood risks by exhibiting large-scale light and sound installations. 
In doing so, the project connected to its intended audience through the 
shared language of ‘Hull’ and used art to explore the city’s long history of 
living with water. In other examples, ‘Creative Climate Resilience’ worked 
with Manchester neighbourhoods to co-develop creative outputs that 
explored the temporal and geographical relevance of climate resilience 
to local communities, and another project, ‘Time and Tide’ conducted 
interactive performances on beaches and exhibitions in coastal commu- 
nities. Researchers noted that these approaches can develop a sense of 
agency and ownership in the affected communities, while also bringing 
joyfulness and playfulness into a conversation which is often emotionally 
demanding. Chapters 3 and 6 provide further information on this topic. 
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Abstract 


e Investing in ‘gluing’ roles, as was performed by the UKCR Cham- 
pions, is essential for building community and delivering impact, as 
is a strong online and social media presence and a programme of 
community building events. 


S. Dessai (BI) - K. Lonsdale - R. Harcourt 
University of Leeds, Leeds, UK 
e-mail: s.dessai@leeds.ac.uk 


K. Lonsdale 
e-mail: kate.lonsdale@climatesense.global 


R. Harcourt 
e-mail: r.s.harcourt@leeds.ac.uk 


J. Lowe 
Met Office, Exeter, UK 
e-mail: jason.lowe@metoffice.gov.uk 


© The Author(s) 2024 185 
S. Dessai et al. (eds.), Quantifying Climate Risk and Building 

Resilience in the UK, 

https://doi.org/10.1007/978-3-031-39729-5_13 


186 S. DESSAI ET AL. 


e Resilience research should be ‘user’ or ‘challenge’ led and needs 
to invest in ways of working that facilitate innovative and trans- 
disciplinary approaches. Key research gaps remain including in 
understanding compound, transboundary, cascading and systemic 
risks; place-based vulnerability assessments that combine risk infor- 
mation with other socioeconomic and behavioural factors; and 
scaling-up climate services. 

e Future adaptation research programmes should prioritise further 
developing the research-practice community to adequately address 
the complex challenge of building resilience. 


Keywords community building - delivering impact - transdisciplinary 
research - research gaps 


Between 2019 and 2023, we championed the Strategic Priorities Fund 
(SPF) UK Climate Resilience Programme (UKCR), including the produc- 
tion of this volume. This gave us a unique perspective on the research, 
practice and policy of climate resilience in the UK. Here, we reflect on 
this experience and present some key messages. In Sect. 1, we reflect 
on ways of working and community building. In Sect. 2, we summarise 
the programme’s achievements in producing novel evidence for climate 
resilience. In Sect. 3, we reflect on lessons learned about interdisciplinary 
and transdisciplinary approaches to climate resilience research. In Sect. 4, 
we focus on what remains to be done to address ongoing research ques- 
tions, and also how to design and deliver fit for purpose research to 
enhance resilience building. 


l] Ways OF WORKING AND COMMUNITY BUILDING 


The UKCR Programme and Science Plan recognised the importance 
of stakeholders and end users in the development of useful and usable 
climate resilience research. One of the programme’s aims was to grow 
the community of interacting researchers, practitioners and policymakers 
in climate resilience. As a result, the funded work of UKCR included a 
wide spectrum of approaches to co-development and co-production (see 
Chapter 3). 


13 AFTERWORD- 187 


The role of the Champions, supported by the wider Champion team 
and the Met Office science coordinator, has been critical in building 
and maintaining this community. Many aspects of all these roles have 
been about building relationships with, and making connections between, 
funded projects and with target groups and initiatives. The importance of 
investing in people to play such ‘gluing’ roles should not be underesti- 
mated; this investment has acted to maximise the value and impact of 
interdisciplinary and transdisciplinary research programmes, and mirrors 
messages emerging from UKCR projects about the need to build trusting 
relationships at every level. This is essential if we are to adequately address 
the complex issue of building climate resilience. As the programme 
comes to an end, the Champion team’s role has increasingly focused on 
the synthesis and tailoring of key messages for specific audiences, in order 
to maximise the impact of the programme for ongoing policy and practice 
and to ensure its longer term legacy. 

Community building started well with a programme-wide workshop 
in November 2019 held in Leeds, which convened the first tranche of 
funded projects from both the Met Office and UK Research and Inno- 
vation (UKRI). Here, participants identified cross-cutting themes for the 
programme. Only a few months later, the ‘work from home’ require- 
ment of the COVID-19 pandemic limited the extent to which the UKCR 
community could interact ‘in person’. Activities to enhance connections 
across and beyond the funded work of the programme had to be rapidly 
rethought and moved online. For example: 


e Fortnightly webinars were established, whereby academic research 
teams could share initial findings. The format of the webinars then 
allowed for a response from a non-academic partner or beneficiary 
who could give their perspective on the usefulness and relevance of 
the research, followed by a Q&A session. !? 

e Quarterly virtual forums were arranged, to share project updates 
and relevant news, and discuss specific topics. 

e A mid-term, two-day online conference was organised with the 
Climate Change Committee and National Centre for Atmospheric 
Science, to examine if the UK is on track to adapt to climate 


l https: //Awww.youtube.com/playlist?list=PLgyCRS_bWUxoJuZ5MueERVDf62S76 
ZnuJ 
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change. Over 300 invited participants debated the climate science 
and possible climate impacts, how far current and planned adap- 
tation efforts go to manage the risks, and what more would need 
to be done to prepare (https://www.ukclimaterisk.org/learn-more/ 
conference-is-the-uk-on-track-to-adapt-to-climate-change/). 

e An online Programme Assembly was organised, to help guide 
the direction of the programme, such as the priorities for synthesis 
(https: //www.ukclimateresilience.org/wp-content/uploads/2021/ 
10/UKCR-Assembly-Sept-2 1-Workshop-Report-FINAL_6p.pdf). 


The effectiveness of these activities was greatly enhanced by the skilled 
and experienced communications support in the Champion team and a 
dedicated programme website. This not only provided news, blogs and 
information about the funded work and a popular archive of webinars, 
but also community links through social media (the programme has over 
2,200 followers on Twitter/X) and a regular newsletter that reached over 
2,250 subscribers. 

As the pandemic eased and UKCR entered its final year, programme 
activities focused on programme-level synthesis of messages on common 
themes from the funded work, including two end of programme events. 
The first was an in-person ‘Showcase’ (https://www.ukclimateresili 
ence.org /news-events /climate-adaptation-project-outputs-showcased-in- 
hull/) in Hull, in October 2022, designed to celebrate the work of the 
programme through performances, tool demonstrations and opportuni- 
ties to discuss enhanced application of programme findings and outputs 
and stimulate discussion on climate risks and how to manage them. 
The second event, an end of programme conference (https://www.uke 
limateresilience.org/ukcr-final-conference/) in London in March 2023, 
presented the programme’s research advancements and discussed its 
implications for policy and practice. 

Many UKCR projects were both interdisciplinary (involving several 
academic disciplines) and transdisciplinary (involving stakeholders in 
knowledge production). The academic disciplines involved included the 
arts and humanities, engineering, social science and natural science. 
The nature of some UKCR projects required cross-community partic- 
ipation to develop their outputs, such as the National Framework for 
Climate Services (https://www.ukclimateresilience.org/wp-content/ 
uploads /2022/11/Recommendations- UK-NFCS-AUG22.pdf) and a 
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guidance standard for climate services.? This cross-community collabo- 
ration also helped to build connections and share experience. Another 
collaborative, community-wide task was the programme’s contribution 
to the Technical Report of the third Climate Change Risk Assess- 
ment (CCRA3); UKCR co-funded the project lead and developed an 
open access special issue of the journal Climate Risk Management [1] 
(https: //www.sciencedirect.com/journal/climate-risk-management/ 
special-issue/105D9FOR4PQ), a compilation of new research on UK 
climate risk assessment and management to support the evidence base for 
CCRA3.3 


2 NOVEL EVIDENCE 


The SPF UKCR programme produced a range of novel research outputs 
across the three research themes: characterising and quantifying climate- 
related risks, managing climate-related risks through adaptation and 
co-producing climate services. These outputs are already enhancing the 
UKs capacity for climate risk assessment and improving the nation’s 
climate resilience. The range of outputs are described earlier in this 
volume; here, we highlight areas of particular novelty and progress that 
form an important part of the UKCR programme’s legacy. 

An important aspect of UKCR has been the inter- and _ transdisci- 
plinary nature of many of the projects that is essential for addressing 
real-world problems that inevitably cut across academic disciplinary 
boundaries. This has contributed to our understanding of how people, 
organisations and policy contribute to adaptation at different scales. 
For example, projects have provided new understanding of commu- 
nity-based flood resilience [2] (https://www.communityactionforwater. 
org/) and adaptive responses for both staff and residents in care settings 
[3]. Several projects (https://riskycities.hull.acuk/) and embedded 
researchers trialled innovative arts and humanities approaches to build 
climate awareness and agency, helping communities reflect on iden- 
tity, loss and learning from the past in order to become more flood 


2 https: //www.ukclimateresilience.org/wp-content/uploads/2021/01/Climate-Ser 
vices-Standard-Final-for-Publication.pdf 


3 Of the 12 published papers, eight were funded by UKCR. 
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resilient. New learning on approaches to co-producing knowledge and 
communicating risks was also developed, as detailed in Chapters 3-6. 

The programme has advanced climate service development and 
delivery in the UK through establishing a roadmap for a national climate 
service (https: //www.ukclimateresilience.org/wp-content/uploads/ 
2022 /11/Recommendations- UK-NFCS-AUG22.pdf), aligned with the 
Global Framework for Climate Services. Other achievements include 
developing demonstrator climate services and decision support tools, 
for example, an urban service (https://www.ukclimateresilience.org/ 
projects /prototype-development-meeting-urban-user-needs/) that has 
delivered climate city packs to 30 UK councils to raise awareness of 
and manage climate risks. Support for future climate services has been 
enhanced through a new, fully tested toolkit, which will help scale up 
pilot projects to reach a wider range of users, plus a voluntary standard 
to improve the quality of climate services (https://www.ukclimateresili 
ence.org/projects /climate-services-standards-and-value/). For more on 
climate services and decision support tools, see Chapters 7 and 8. 

Novel aspects of the research relating to an improved understanding of 
climate hazards and risks include demonstrating the application of event 
attribution to more impact relevant metrics. For instance, for extreme 
rainfall [4] and heat-related mortality [5] UKCR has improved the char- 
acterisation of compound hazards, including joint surge and river flooding 
around the UK coastline [6, 7] and for agricultural relevant impacts 
[8]. An important new dataset provided in UK Climate Projections 
(UKCP18) comes from the climate simulations made using convective 
permitting models, and UKCR has been able to exploit this new data 
to better understand urban interactions with climate [9] and the future 
evolution of intense storms. Further novel hazard-related work in UKCR 
has provided a toolkit for estimating sea-level rise along the UK coastline, 
which is relocatable around the globe, and a new dataset of river flows 
and drought metrics for the UK [10]. Finally, UKCR has also produced 
a new resource of analysed EURO-CORDEX climate hazard data for the 
UK region allowing it to be used alongside UKCP18 climate results to 
better sample uncertainty in future projections. For further information, 
see Chapter 9 of this volume. 

Another area of innovation, and a missing ingredient from previous UK 
risk assessment, is a national scale set of socioeconomic scenarios that are 
consistent with global and regional shared socioeconomic pathways that 
are used in many international climate studies [11-13]. These scenarios 
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are enabling improved treatment of future exposure and vulnerability in 
UK risk assessments, as referenced in Chapters 3, 7 and 11. 

Alongside the advances in hazard and socioeconomic scenarios, UKCR 
has produced a step change in climate change risk assessment capability 
with the development of a new framework (OpenCLIM). This enables a 
linked set of existing and new spatially explicit impact models to be driven 
by consistent sets of climate and socioeconomic data and adaptation, 
interventions. It can be applied at a range of scales from national to local 
and will facilitate more quantitative spatial modelling in future national 
risk assessments. Other key developments in spatial risk assessment by 
UKCR include the use of catastrophe modelling techniques, more usually 
applied in the insurance industry, to issues of longer term climate risk and 
resilience decision-making. These new methods complement datasets of 
risk informed hazard metrics for a range of emission scenarios and global 
warming levels that were produced in the earlier stages of UKCR and used 
widely in CCRA3, and by a range of organisations via web interfaces. See 
Chapters 10 and 11 for more. 


3 REFLECTIONS ON DEVELOPING 
A TRANSDISCIPLINARY RESEARCH PROGRAMME 


All SPF-funded research had a requirement to link to government 
research and innovation priorities, which for UKCR included the Depart- 
ment for Environment, Food and Rural Affairs (Defra) and the Climate 
Change Committee (CCC). The programme used the Fig. 1 to think 
through how to enhance research usefulness and usability. The diagram 
illustrates the range of approaches that can be taken by research projects 
and programmes to encourage the use of research outputs. ‘Linear 
dissemination’ and the left end of the spectrum can be achieved through 
‘knowledge products’ (e.g. academic papers, briefing notes and tailored 
information packs). As you move towards the ‘co-production’ end of 
the spectrum, the increasing importance of human and relational skills 
in knowledge brokering come to the fore. Here, the roles become 
more about convening conversations, building relationships and sharing 
practice-based (and more ‘tacit’) knowledge that may be harder to capture 
and share through knowledge products. This again emphasises the impor- 
tance of the ‘glue’ roles and mechanisms needed to convene, signpost, 
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connect and synthesise across different projects, systems and organisa- 
tions, to ensure the programme was more than simply the sum of its 
parts (Fig. 1). 

The UKCR Science Plan, and the legacy items described within it, 
provided an overview of what the programme aimed to achieve. Given the 
focus of SPF funding, annual and final programme evaluations augmented 
the criterion for ‘research excellence’, demonstrated by the production 
and citation of peer-reviewed papers, with additional criteria such as effec- 
tiveness of partnerships and co-production and the value of the research to 
intended users. The Champion team also managed a small, flexible fund 
for synthesis activities that could be drawn on to enhance the accessi- 
bility of project findings, or to synthesise findings of different projects on 
a common theme.* The programme, therefore, awarded small amounts 
of additional funding for synthesis and engagement (e.g. through info- 
graphics), recognising the importance of targeting user groups through 
non-academic means. 


Direct influence of 
UKCR Programme 


Knowledge 
translation 
& signposting 


Information 
brokering 


Directly e.g, hosting Directly e.g funding Directly eg hosting Directly e.g embedded 

events to share project | synthesis activities, special | outreach events, researchers, development 

findings. project issue of Climate Risk participating in cross-sector of specific outputs e.g 

briefings, social media, Management, embedded events, integral to the socio-economic scenarios 

website researchers, informally research call design or enhanced CCRA 
through funded research capability 


Linear Co-production, social 
dissemination of learning and 


information nen innovation 


Fig. 1 UKCR’s knowledge brokering, translation and application roles building 
on [14-16] 


4 Example, https://www.youtube.com/watch?v=UgSvmxczbgc&t=1 8s. 
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Several projects attempted some degree of intentional co-production 
(see Chapter 3) to ensure research outputs are usable by policymakers 
and practitioners. As discussed in that chapter, ‘co-production’ captures a 
broad spectrum of approaches, each with challenges limiting the extent 
to which long-term relationships can be established and maintained, 
although much of this is solvable through new approaches to research. 

An expectation for non-academic partner involvement in the research 
was set up through the requirements of the research calls, e.g. stating the 
research must have ‘strong stakeholder engagement through the research 
process’ or ‘clear co-design, co-production and vision for creating 
impact’. Careful consideration of research design to enhance mutual 
learning was encouraged from early in the research process when there 
was the greatest opportunity for shaping goals, outputs and approach. 
Projects found that the research scoping phase was also an opportunity 
to share understanding of core concepts and language, and agree ways 
of working to ensure alignment across differing organisational incentive 
structures and cultures. Periodic ‘pause points’ to jointly review progress 
provided additional opportunities to check the research remained fit for 
purpose for all. 

The Embedded Researcher scheme (see Chapter 4) was deliberately 
designed to enhance the relevance and use of outputs, shifting the tradi- 
tional approach of academic-led identification of research questions to 
enable non-academic partners to state their research needs and ensure the 
research was designed to meet them. Host organisations, including city 
councils, government departments, agencies, non-governmental organi- 
sations and the Church of England, enriched the UKCR network, both 
contributing to and benefiting from access to the wider programme. 

The new connections across disciplines and with non-academic part- 
ners needed for transdisciplinary research take time to build. As funding 
bid schedules were often rushed to fit funding deadlines, this limited 
the creative potential of new relationships and the design of innova- 
tive responses to research calls. Non-academic partners were included 
in programme activities where possible, for example, chairing funding 
panels and responding to academic webinars. These inputs provided an 
important ‘reality check’ on the significance of the funded research for 
practice. 

Standard UKRI funding is only available for researchers, and therefore, 
non-academic partners had to be self-funding, creating an imbalance of 
influence on the research focus and design. While the Met Office was less 
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restricted in bringing in non-academics through external calls, it was not 
possible to have common funding pots between the two organisations. 
This limitation was navigated by allocating different funding types to 
UKRI and Met Office as appropriate, which included open research calls, 
single tenders and open tenders. Like the Embedded Researcher scheme, 
open tenders funded through the Met Office enabled non-academics, 
such as consultancies, to bid for the work. Future programmes would 
benefit from providing a more even playing field for non-academic and 
academic partners. 


4 RESEARCH GAPS AND FUTURE DIRECTIONS 


While the SPF UKCR programme has made significant steps forward in 
the consideration of risk and resilience in the UK, there remains much to 
do. Given limited time and budget, the programme had to make choices 
about where to focus to have most significant and lasting impact. Here, 
we offer thoughts on future priorities, in terms of both what to research 
and how to do it. We hope this will be useful as we enter the fourth UK 
Climate Change Risk Assessment and National Adaptation Programme 
cycle. 


4.1  Transdisciplinary Research 


There is a need to transform resilience research from being fragmented 
and siloed, to collaborative, learning oriented, just, inclusive, embracing 
of diverse sources of knowledge, contextualised and experimental [17]. 
The term ‘transdisciplinarity’ is an academic construct, not recognised 
by the organisations and networks having to respond to our changing 
climate. They start with a problem or challenge and build from there. 
Shifting academic research to a ‘user’ or ‘challenge’ focus requires funding 
and research models that enable much greater collaboration between all 
disciplines and enable private and public sector colleagues, policymakers 
and the public to participate on an equal footing with researchers. For 
example, funding an initial scoping stage to convene interested parties 
could support imaginative, co-created and transdisciplinary responses to 
research calls. 
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4.2 Boundary-Spanning Skills 


One of the most pressing needs is the translation of climate science 
into information that is useful and usable for those tasked to make the 
UK more climate resilient. This will require a significant scaling-up of 
boundary-spanning skills, including undertaking co-production, working 
in transdisciplinary teams, scoping and defining the problem and trans- 
lating science for users; skills which are currently often treated as of 
secondary importance after subject knowledge. This should start in under- 
graduate teaching and through the continuous professional development 
of researchers, practitioners and those in related industries. Further to 
the general upskilling of the climate resilience community, there will be 
increased need for ‘science translators’, likely specialising in different audi- 
ences—for instance, what national policymakers need from the science 
community may differ from what local government needs. These roles 
need to be budgeted for in research departments and funding bids. 


4.3 Managing the Risk 


Understanding how risks can be reduced through resilience building and 
adaptation is a priority. While the physical science aspect of this has 
made strides in the programme, the next phase needs better integration 
of socioeconomic and behavioural factors, including social inequalities 
and vulnerability. Location-specific research is still critical for effective 
adaptation, particularly how to meaningfully include the affected commu- 
nities from the project planning stage onwards, as well as work on the 
transferability of adaptation lessons across locations. Capturing the case 
experience of barriers to and enablers of good adaptation practice at 
different scales (regional, sectoral and organisational) helps to shed light 
on why, despite greater understanding and awareness of climate risk, it is 
still challenging to translate this into adaptation strategy and operational 
plans. More focus on leadership and governance as a driver for greater 
action, and the integration of mitigation and adaptation, is now needed. 


4.4 Co-producing Climate Services 


While the programme has demonstrated prototype climate services and 
lessons on scaling services [18], this must now be put into practice 
through, for example, innovation accelerators. There is still a tendency for 
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a ‘science-first’ approach, and while co-development of risk and resilience 
projects is more widespread, more could be done to ensure that the work 
is embedded in relevant decision contexts. As implementation proceeds, 
more work will be needed to monitor, evaluate and learn from resilience 
building initiatives to both track progress and gather good practice. 
Further support for the standard for climate services (e.g. converting 
it to BSI or ISO standards) and implementing the proposed national 
framework for climate services, aligned with the World Meteorological 
Organization’s global framework, would add great value to the coherence 
and quality of the UK’s climate services sector. 


4.5 Hazard to Risk 


The methodologies and datasets developed under UKCR need to be inte- 
grated into new risk estimates for the entire UK. This includes improved 
understanding of storm characteristics from higher resolution models and 
approaches for dealing with compound impacts on the land and at the 
coast. There remain significant gaps around transboundary risks, systemic 
risks and cascading impacts. In particular, there is still a lack of diversity 
of research approaches to quantifying the system risks that follow from 
direct climate impacts onto the UK. Improving this could be usefully 
applied at a spatial detail relevant to adaptation while covering the entire 
geography of the UK and all sectors of activity. There also remains a need 
to understand the consistency of the different approaches and datasets. 
One key UKCR project, ‘OpenCLIM’, has produced a framework that is 
helping to establish a more consistent approach to place-based risk assess- 
ment, but this should now be expanded to a greater range of risks and 
bring in a wider range of component models from other risk and resilience 
research. 


5 CONCLUDING THOUGHTS 


The UK Climate Resilience programme has improved our collective 
understanding of the climate risks we face and the implications of those 
risks, as well as increasing the availability of tools and information needed 
to assess them. It has also created a community of interacting researchers, 
practitioners and policymakers in climate resilience. 

There now needs to be a shift in focus towards strengthening the 
UR’s capacity to adapt. This requires a significantly larger effort and a 
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more diverse set of actors. We urge future research programmes to appre- 
ciate the value of a connected research-practice community for climate 
resilience, to build strong relationships between academia and organisa- 
tional or policy practice that allow for quick and clear feedback loops 
to ensure outputs are relevant and usable. Future programmes should 
include innovators and entrepreneurs, skilled in developing research 
insight into practice through innovation hubs and platforms. 

The UK Climate Resilience Programme has shown the potential of 
such a community to advance thinking and practice on climate resilience 
in the UK. There is considerable appetite to build on this experience, to 
ensure the UK sustains and enhances this progress for the public good. 
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author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made. 

The images or other third party material in this chapter are included in the 
chapter’s Creative Commons license, unless indicated otherwise in a credit line 
to the material. If material is not included in the chapter’s Creative Commons 
license and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copyright 
holder. 


PROJECT REFERENCES 


This section provides further detail for each of the UK Climate Resilience 
projects referred to in this volume. 

Listed for each are: project title (followed by extended title where 
applicable), project aim, principal investigators and collaborating insti- 
tutes, project webpage(s) and funding tranche. 

AquaCAT (Flood risk estimates using techniques from catastrophe 
modelling) 

This project aims to combine information from UKCP18 with catas- 
trophe modelling and apply it to climate-driven changes in UK flood 
risk. 

Paul Sayers (Sayers and Partners), with UK Centre for Ecology and 
Hydrology, Vivid Economics Loughborough University 

https: //www.ukclimateresilience.org /projects /flood-risk-estimates- 
using-techniques-from-catastrophe-modelling/ 

Met Office—Improving Climate Hazard Information, from Climate 
Hazard to Climate Risk 

ARID (ARID: School buildings adaptation, resilience and impacts 
on decarbonisation in a changing climate) 

This project aims to develop risk-informed resilience of school building 
stock and optimise the opportunities from a transition to a low carbon 
future. 

Daniel Godoy Shimizu (University College London), with Department 
for Education 


© The Editor(s) (if applicable) and The Author(s) 2024 201 
S. Dessai et al. (eds.), Quantifying Climate Risk and Building 

Resilience in the UK, 

https: //doi.org/10.1007/978-3-031-39729-5 
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https: //www.ukclimateresilience.org /projects /arid-school-buildings- 
adaptation-resilience-and-impacts-on-decarbonisation-in-a-changing-cli 
mate/ 

Embedded Researcher Cohort 1 

Bristol Heat Resilience (Developing an urban heat resilience plan 
for Bristol) 

This project aims to co-develop a heat vulnerability index and heat 
resilience plan for Bristol, to support climate resilience strategies. 

Charlotte Brown (University of Manchester), with Bristol City Council 

https: //www.ukclimateresilience.org/projects /developing-an-urban- 
heat-resilience-plan-for-bristol/ 

Embedded Researcher Cohort 1 

Catchment Erosion Resilience (Erosion hazards in river catch- 
ments: Making critical infrastructure more climate resilient) 

This project aims to model how future climate scenarios will affect 
erosion hazards in river catchments and vulnerability of associated infras- 
tructure. 

James Cooper (University of Liverpool), with CoirGreen, ARUP, 
Waterco 

https: //www.ukclimateresilience.org/projects /erosion-hazards-in- 
river-catchments-making-critical-infrastructure-more-climate-resilient/ 

Phase 1 Projects 

CLandage (Building climate resilience through community, land- 
scapes and cultural heritage) 

This project aims to use learning from the past to better understand 
how communities might adapt to future changes in places and landscapes. 

Neil McDonald (University of Liverpool), with Historic England, 
University of Glasgow, Northumbria University, Staffordshire Record 
Office, Museum & Tasglann nan Eilean Siar, Fjordr 

https: //www.ukclimateresilience.org/projects /clandage-building-cli 
mate-resilience-through-community-landscapes-and-cultural-heritage / 

https: //historicengland.org.uk/whats-new/research/building-cli 
mate-resilience-through-community-landscapes-and-cultural-heritage / 

Living with Uncertainty 

ClimaCare (Governing the climate adaptation of care settings) 

This project aims to quantify climate-related heat risks in care settings 
nationwide. 

Mike Davies (University College London), with London School of 
Hygiene and Tropical Medicine, Oxford Brookes University, Care Quality 
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Commission, Ministry of Housing, Communities and Local Government, 
Chartered Institution of Building Services Engineers, the Greater London 
Authority, Aston House, PRP, Met Office 

https: //www.ukclimateresilience.org/projects /climacare-governing- 
the-climate-adaptation-of-care-settings / 

Governing Adaptation 

Climate Information for Decision-Making (Climate information to 
Inform UK decision-making) 

This project aims to determine what is needed to support UK climate 
risk assessment and adaptation decision-making over the next decade, 
through engagement with users and providers. 

Murray Dale (JBA Consulting), with Cardiff University, Becky Venton 

https: //www.ukclimateresilience.org/projects /climate-information- 
to-inform-uk-decision-making/ 

Met Office—Improving Climate Hazard Information, from Climate 
Hazard to Climate Risk 

Climate Resilience Standards (Review of standards, guidance and 
codes of practice for enhancing climate resilience) 

This project aims to understand the climate information inputs into 
commonly used national guidance standards. 

Murray Dale (JBA Consulting Ltd), John Dora Consulting Limited, 
TRIOSS, University of Leeds, British Standards Institute 

https: //www.ukclimateresilience.org/projects /review-of-standards- 
guidance-and-codes-of-practice-for-enhancing-climate-resilience/ 

Met Office—Pilot Climate Services 

Climate Risk Indicators (Developing indicators of climate risk 
using UKCP18 to support risk assessments and enhance resilience) 

This project aims to provide first estimates of a series of indica- 
tors of climate risk, relevant to national, regional and local climate risk 
assessments. 

Nigel Arnell (University of Reading), with UK Centre for Ecology and 
Hydrology, University of Leeds 

https: //www.ukclimateresilience.org/projects /climate-risk-indica 
tors-developing-indicators-of-climate-risk-using-ukcp18-to-support-risk- 
assessments-and-enhance-resilience/ 

https: //uk-cri.org/ 

Phase 1 Projects 

Climate Services Standards (Climate services standards and value) 
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This project aims to establish a coherent set of standards for climate 
services, so decision-makers can improve their capacity to manage climate- 
related risk. 

Murray Dale (JBA Consulting Ltd), with Climate Sense, Paul Watkiss 
Associates, Becky Venton, Prof Rob Wilby 

https: //www.ukclimateresilience.org/projects /climate-services-standa 
rds-and-value/ 

Met Office—Operational Climate Services 

Climate Stress Testing (Climate stress testing the UK food supply 
chain using earth observation) 

This project aims to bring together UK food supply chain stakeholders 
with earth observation researchers, to create climate stress testing tools to 
improve UK food security. 

Caitlin Douglas (King’s College London), with Space4Climate, 
London Climate Change Partnership 

https: //www.ukclimateresilience.org/projects /climate-stress-testing- 
the-uk-food-supply-chain-using-earth-observation/ 

Embedded Researcher Cohort 1 

Coastal Climate Services (Climate service pilot: Improving coastal 
resilience) 

This project aims to co-develop with users a coastal resilience service, 
by further developing the existing UKCP18 Sea Level Rise tool. 

Rachel Perks, Dan Bernie (Met Office) 

https: //www.ukclimateresilience.org/projects /climate-service-pilot- 
improving-coastal-resilience/ 

Met Office—Pilot Climate Services 

CoastalRes (Coastal resilience in the face of sea level rise: Making 
the most of natural systems) 

This project aims to develop and demonstrate prototype methods to 
assess realistic pathways for strategic coastal erosion and flood resilience 
in response to climate change. 

Robert Nicholls (University of Southampton) with University College 
London, Middlesex University, National Flood Forum, National Trust, 
Network Rail, Wildfowl and Wetlands Trust, ABPmer, Natural England 

https: //www.ukclimateresilience.org /projects /coastal-resilience-in- 
the-face-of-sea-level-rise-making-the-most-of-natural-systems/ 

https: //www.coastalmonitoring.org/ccoresources /coastalres/ 

Phase 1 Projects 
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Creative Climate Resilience (Community climate resilience 
through folk pageantry) 

This project aims use community knowledge to deliver a case study that 
responds to Manchester’s climate action policies and community contexts. 

Jenna Ashton (University of Manchester), with Manchester Climate 
Change Agency, Manchester City Council, Neighbourhoods North 
Manchester, Northern Chamber Orchestra, National Trust North 
Region, Manchester Arts and Sustainability Team, Manchester Institute 
of Education, Black Environment Network, A Bird in the Hand Theatre, 
Manchester Environment Education Networkhttps://www.ukclimateres 
ilience.org /projects/community-climate-resilience-through-folk-pagean 
try/ 

https: //creative-climate-resilience.org/ 

Living with Uncertainty 

CREWS- UK (Characterising and adapting to climate risks in the 
UK wine sector) 

This project aims to generate practical support for climate resilience in 
the UK, particularly for the wine sector. 

Declan Conway (London School of Economics), with University of 
East Anglia, Wines of Great Britain 

https: //www.ukclimateresilience.org/projects /crews-uk-character 
ising-and-adapting-to-climate-risks-in-the-uk-wine-sector-climate-resili 
ence-in-the-uk-wine-sector/ 

https: //www.lse.ac.uk/granthaminstitute /resilient-wine/ 

Phase 1 Projects 

CROP-NET (Monitoring and predicting the effects of climate 
change on crop yields) 

This project aims to scope out the requirements for a robust, real- 
time crop and grass yield monitoring and modelling service for the UK 
to provide improved predictions of future climate change impacts. 

Richard Pywell (UK Centre for Ecology & Hydrology), with Univer- 
sity of Reading, University of Leeds 

https: //www.ukclimateresilience.org/projects /crop-net-monitoring- 
and-predicting-the-effects-of-climate-change-on-crop-yields/ 

https: //cropnet-demonstrator.datalabs.ceh.ac.uk/ 

Phase 1 Projects 

eFLaG (Prototype development: enhancing the resilience of the 
water sector to drought events) 
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This project aims to co-develop a pilot climate service to ensure a 
coherent, national approach to ensure drought resilience for the UK’s 
water sector under a changing climate. 

Jamie Hannaford (UK Centre for Ecology and Hydrology) and Chris 
Counsell (HR Wallingford) 

https: //www.ukclimateresilience.org/projects /enhancing-the-resili 
ence-of-the-water-sector-to-drought-events-climate-service-pilots / 

Met Office—Pilot Climate Services 

Environment Agency Incident Response (Adapting Environment 
Agency incident response for climate resilience) 

This project aims to characterise and quantify Environment Agency 
flood and drought incident response activity in current and future 
climates. 

Elizabeth Lewis (Newcastle University), with Environment Agency 

https: //www.ukclimateresilience.org/projects /adapting-enviro 
nment-agency-incident-response-for-climate-resilience/ 

Embedded Researcher Cohort 1 

EuroCORDEX-UK (Use and understanding of EuroCORDEX 
data over the UK) 

This project aims to extend the current suite of UKCP climate 
projections by incorporating information predominantly from the Euro- 
CORDEX downscaling experiment. 

Richard Chandler, Claire Barnes and Chris Brierley (University College 
London) 

https: //www.ukclimateresilience.org/projects /use-and-understan 
ding-of-eurocordex-data-over-the-uk/ 

https: //github-pages.ucl.ac.uk/UKCORDEX-plot-explorer/ 

Met Office—Improving Climate Hazard Information, from Climate 
Hazard to Climate Risk 

ExSamples (Extreme samples) 

This project aims to better understand the sampling statistics of 
extreme events in three winters predicted to be the hottest or wettest 
in UKCP18 global projections. 

David Wallom (University of Oxford), with Met Office, University of 
Bristol 

https: //www.ukclimateresilience.org/projects /exsamples-extreme- 
samples/ 

Met Office—Improving Climate Hazard Information, from Climate 
Hazard to Climate Risk 
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FREEDOM-BCCR (Forecasting risk of environmental exacerba- 
tion of dissolved organic matter—building climate change resilience) 

This project aims to predict climate impacts on the water industry, to 
inform best practice climate resilience strategies. 

Don Monteith (UK Centre for Ecology & Hydrology), with Univer- 
sity of Leeds, University of Glasgow, Scottish Water, United Utilities, 
Welsh Water, Yorkshire Water 

https: //www.ukclimateresilience.org /projects /freedom-becr-foreca 
sting-risk-of-environmental-exacerbation-of-dissolved-organic-matter-bui 
Iding-climate-change-resilience/ 

Phase 1 Projects 

Freshwater Monitoring and Forecasting (Delivering resilience to 
climate impacts on UK freshwater quality: Towards national-scale 
cyanobacterial bloom monitoring and forecasting) 

This project aims to demonstrate the power of new satellite data for 
monitoring algal blooms in waterbodies across the UK. 

Peter Hunter (University of Sterling), with UK Centre for Ecology and 
Hydrology, University of Glasgow, Plymouth Marine Laboratory 

https: //www.ukclimateresilience.org/projects /delivering-resilience- 
to-climate-impacts-on-uk-freshwater-quality-towards-national-scale-cya 
nobacterial-bloom-monitoring-and-forecasting / 

Phase 1 Projects 

FUTURE-DRAINAGE (Ensemble climate change rainfall esti- 
mates for sustainable drainage) 

This project aims to update guidance for drainage design and urban 
surface water flood risk assessment in the UK. 

Hayley Fowler (University of Newcastle), with Loughborough Univer- 
sity, Southern Water, United Utilities, Thames Water, JBA Consulting, 
Welsh Water, Scottish Environment Protection Agency, Anglian Water, 
Yorkshire Water 

https: //www.ukclimateresilience.org/projects /future-drainage-ens 
emble-climate-change-rain fall-estimates-for-sustainable-drainage/ 

Phase 1 Projects 

Health Sector Resilience (Prototype development: Addressing the 
resilience needs of the UK health sector) 

This project aims to characterise extreme events linked to ill-health 
in the UK and quantify how climatic and demographic changes might 
necessitate resilience in health and social care in future decades. 

Andrew Charlton-Perez (University of Reading) 
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https: //www.ukclimateresilience.org/projects /addressing-the-resili 
ence-needs-of-the-uk-health-sector-climate-service-pilots / 

Met Office—Pilot Climate Services 

Improving Climate Hazard Information (Improving climate 
hazard information) 

This project aims to produce a method to estimate changes in the 
probability density function of extreme value statistics compatible with 
the UKCP18 approaches. 

Simon Brown, Peter Stott, Lizzie Kendon, Rob Shooter, William Keat, 
Daniel Cotterill, James Pope (Met Office) 

https: //www.ukclimateresilience.org/projects /improving-climate-haz 
ard-information/ 

Met Office—Improving Climate Hazard Information, from Climate 
Hazard to Climate Risk 

London Climate Action (Climate action strategy for City of 
London—Adaptive design/pathways for London’s cubic mile) 

This placement aims to support the delivery of the City of London 
Corporation’s Climate Action Strategy 2020-2027. 

Katy Freeborough (British Geological Survey), with City of London 
Corporation 

https: //www.ukclimateresilience.org/projects /climate-action-str 
ategy-for-city-of-london-adaptive-design-pathways-for-londons-cubic- 
mile/ 

Embedded Researcher Cohort 2 

MAGIC (Mobilising adaptation—governance of infrastructure 
through co-production) 

This project aims to demonstrate and evaluate a community-led 
approach to reducing flood risk. 

Liz Sharp (University of Sheffield), with University of Hull, Queen 
Mary University of London, Living with Water Partnership, Hull and East 
Riding Timebank 

https: //www.ukclimateresilience.org/projects /magic-mobilising-ada 
ptation-governance-of-infrastructure-through-co-production/ 

Governing Adaptation 

Manchester Climate Action (Adaptation and Resilience: Planning 
and action for Manchester) 

This project aims to establish a policy and action-planning framework 
to enable Manchester sectors to take urgent and sustained action to 
increase resilience to climate variability. 
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Paul O’Hare (Manchester Metropolitan University), with Manchester 
Climate Change Agency 

https: //www.ukclimateresilience.org/projects /adaptation-resilience- 
planning-action-for-manchester/ 

https: //www.manchesterclimateready.com/ 

Embedded Researcher Cohort 1 

Meeting Urban User Needs (Prototype development: Meeting 
urban user needs) 

This project aims to understand user needs for specific applications of 
local decision-making in aspects such as health, infrastructure and water. 

Claire Scannell and Victoria Ramsey (Met Office) 

https: //www.ukclimateresilience.org/projects/prototype-develo 
pment-meeting-urban-user-needs/ 

https: //www.metoffice.gov.uk/research/approach/collaboration/ 
spf/ukcrp-outputs 

Met Office—Pilot Climate Services 

Multiple Hazards (Multiple hazards and compound events) 

This work aims to characterise risks from multiple climate hazards 
and how they may change in terms of location, severity, frequency and 
duration throughout the twenty-first century. 

Dan Bernie and Freya Garry (Met Office) 

https: //www.ukclimateresilience.org/projects /from-climate-hazard- 
to-climate-risk/ 

Met Office—Improving Climate Hazard Information, from Climate 
Hazard to Climate Risk 

National Framework for Climate Services (Facilitating the delivery 
and use of climate services) 

This project aims to engage with climate services stakeholders to deter- 
mine whether there is a need for a UK National Framework of Climate 
Services. 

Natalie Garrett, Louise Wilson and Nicola Golding (Met Office) 

https: //www.ukclimateresilience.org/projects /facilitating-the-del 
ivery-and-use-of-climate-services/ 

Met Office—Operational Climate Services 

Once Upon a Time (Once upon a time in a heatwave) 

This project aims to explore storytelling to communicate impacts 
of—and adaptation to—a changing climate in Northern Ireland, with a 
particular focus on agricultural and rural communities. 
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Alan Kennedy-Asser (University of Bristol), with Climate Northern 
Ireland 

https: //www.ukclimateresilience.org/projects /once-upon-a-time-in- 
a-heatwave/ 

Embedded Researcher Cohort 2 

OpenCLIM (OpenCLIM: Open climate impacts modelling frame- 
work) 

This project aims to support UK assessment of climate risk and 
adaptation by developing and applying an integrated assessment model. 

Robert Nicholls (Tyndall Centre, University of East Anglia), with 
Newcastle University, University of Bristol, Science and Technology Facil- 
ities Council, UK Centre for Ecology and Hydrology, Environment 
Agency, Climate Ready Clyde, Broads Authority, Anglian Water, Arup, 
RMS, MottMacDonald, Universiteit Utrecht, Paul Sayers and Partners 

https: //www.ukclimateresilience.org/projects /openclim-open-cli 
mate-impacts-modelling-framework/ 

Enhancing Climate Change Risk Assessment 

Resilience for Churches (Co-developing resilience strategies for 
churches and their communities) 

This project aims to co-develop climate resilience in church buildings 
across the UK. 

Chris Walsh (University of Manchester), with Church of England 

https: //www.ukclimateresilience.org/projects /co-developing-resili 
ence-strategies-for-churches-and-their-communities/ 

Embedded Researcher Cohort 2 

RESIL-RISK (RESIL-RISK: Understanding UK perceptions of 
climate risk and resilience) 

This project aims to investigate how people currently conceptualise 
the relationship between climate risk, resilience and adaptation policy, as 
evidence for designing future communications. 

Nick Pidgeon (Cardiff University), with Climate Outreach 

https: //www.ukclimateresilience.org/projects /resilrisk-understan 
ding-uk-perceptions-of-climate-risk-and-resilience/ 

Phase 1 Projects 

Risk Assessment Frameworks (Comparison of risk assessment 
frameworks) 

This project aims to establish how to best assess climate change risk 
in support of climate resilience efforts, by identifying and comparing UK 
specific risk assessment frameworks. 
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Dan Bernie, Laura Dawkins and Kate Brown (Met Office) 

https: //www.ukclimateresilience.org/projects /from-climate-hazard- 
to-climate-risk/ 

Met Office—Improving Climate Hazard Information, from Climate 
Hazard to Climate Risk 

Risky Cities (Living with water in an uncertain future climate) 

This project aims to develop research-informed learning histories for 
flood-prone Hull for use in community-based arts and heritage interven- 
tions and large-scale productions. 

Briony McDonagh (University of Hull), with Absolutely Cultured, 
Hull City Council, Hull Minster, Hull: Yorkshire’s Maritime City, Living 
with Water Partnership, National Youth Theatre 

https: //www.ukclimateresilience.org/projects /risky-cities-living- 
with-water-in-an-uncertain-future-climate/ 

https: //riskycities.hull.ac.uk/ 

Living with Uncertainty 

SEARCH (SEARCH: Sensitivity of estuaries to climate hazards) 

This project aims to evaluate climate flooding hazards in UK estuaries. 

Peter Robins (Bangor University), Hull University, British Geological 
Survey 

https: //www.ukclimateresilience.org/projects /search-sensitivity-of- 
estuaries-to-climate-hazards/ 

https: //www.researchgate.net/publication /363166162_Historic_Spa 
tial_Patterns_of_Storm-Driven_Compound_Events_in_UK_Estuaries/ 
link/631009675eed5e4bd136f581/download 

Present and Future Climate Hazard 

Stochastic Simulation (Facilitating stochastic simulation for UK 
climate resilience) 

This project aims to explore how weather generators could be more 
widely used to support climate resilience activities in the UK, especially in 
flood and water management projects. 

David Pritchard (Newcastle University), with JBA Consulting 

https: //www.ukclimateresilience.org/projects /facilitating-stochastic- 
simulation-for-uk-climate-resilience/ 

Embedded Researcher Cohort 2 

STORMY-WEATHER (STORMY-WEATHER: Plausible storm 
hazards in a future climate) 
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This project aims to use the latest climate projections to develop a new 
methodology to understand what drives changes in extreme rainfall and 
windstorms for different storm types. 

Hayley Fowler (Newcastle University), with University of Exeter 

https: //www.ukclimateresilience.org/projects /stormy-weather-plausi 
ble-storm-hazards-in-a-future-climate / 

Present and future climate hazard 

Time and Tide (Time and tide: Resilience, adaptation and art) 

This project aims to investigate how the arts can catalyse communi- 
ties to act—and become more resilient—as climate change intensifies and 
socioeconomic inequalities increase. 

Corinna Wagner (University of Exeter), with Time and Tide Bell 

https: //www.ukclimateresilience.org/projects /time-and-tide-resili 
ence-adaptation-art/ 

Embedded Researcher Cohort 2 

Tourism Adaptation (Climate change and the tourism sector: 
impacts and adaptations at visitor attractions) 

This project aims to investigate the relationship between weather/ 
climate and visitation to heritage attractions under current and future 
climatic conditions. 

Tim Coles (University of Exeter), with National Trust, Historic Envi- 
ronment Scotland 

https: //www.ukclimateresilience.org/projects /climate-change-and- 
the-tourism-sector-impacts-and-adaptations-at-visitor-attractions / 

Embedded Researcher Cohort 2 

Transport/Energy Climate Services (Climate services for the 
transport and energy sectors) 

This project aims to scope and co-develop initial prototype climate 
services for the UK’s transport and energy sectors. 

Erika Palin and Kate Brown (Met Office), with Department for 
Transport 

https: //www.ukclimateresilience.org/projects /climate-services-for- 
the-transport-and-energy-sectors/ 

Met Office—Pilot Climate Services 

UKCR Synthesis (Linking to the national Climate Change Risk 
Assessment (CCRA) process and synthesis of SPF resilience projects) 

This project aims to ensure consistency with the CCRA3 and proper 
co-development of science. 
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Peter Stott, Richard Betts, Simon Brown and Elizabeth Kendon (Met 
Office) 

https://www.ukclimateresilience.org/projects /improving-climate-haz 
ard-information/ 

Met Office—Improving Climate Hazard Information, from Climate 
Hazard to Climate Risk 

UK-SSPs (UK socioeconomic scenarios for climate research and 
policy) 

This project aims to produce UK-specific downscaled socioeconomic 
narratives and gridded data for a range of indicators, extended to 2100. 

Jon Stenning (Cambridge Econometrics), with UK Centre for Ecology 
and Hydrology, University of Edinburgh, University of Exeter 

https: //www.ukclimateresilience.org/projects /uk-socioeconomic-sce 
narios-for-climate-research-and-policy/ 

Met Office—Improving Climate Hazard Information, from Climate 
Hazard to Climate Risk 

Upscaling Climate Service Pilots (Upscaling of climate service 
pilots into routine services) 

This project aims to consider how existing UKCR-developed pilot 
services can be up-scaled to routine services, making them useful and 
accessible to stakeholders. 

Galina Guentchev, Erika Palin and Christopher Goddard (Met Office) 

https: //www.ukclimateresilience.org/projects /upscaling-of-climate- 
service-pilots-into-routine-services/ 

Met Office—Pilot Climate Services 

Water Sector Resilience (Towards forecast-based climate resilience 
and adaptation in the water sector) 

This project aims to understand how improved forecast capabilities can 
inform future operations adaptation in the water sector in response to 
climate change and population growth. 

Charles Rougé (University of Sheffield), with Anglian Water 

https: //www.ukclimateresilience.org/projects /towards-forecast- 
based-climate-resilience-and-adaptation-in-the-water-sector/ 

Embedded Researcher Cohort 1 

Yorkshire Climate Action (Whose role is it to act on climate 
resilience? Implementing Yorkshire’s Climate Action Plan with Leeds 
City Council) 
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This project aims to assist Leeds City Council’s flood risk management 
team in developing a stronger leadership role on climate resilience and 
adaptation planning. 

Stephen Scott-Bottoms (University of Manchester), with Leeds City 
Council, Flood Risk Management 

https: //www.ukclimateresilience.org/ projects /whose-role-is-it-to- 
act-on-climate-resilience-implementing-yorkshires-climate-action-plan- 
with-leeds-city-council/ 

Embedded Researcher Cohort 2 
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